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SECTION  I. 

GENERAL  PRINCIPLES  OF  CONSTRUCTION. 

FOUNDATIONS. 

1.  In  preparing  the  foundation  for  any  building,  there 
are  two  sources  of  failure  which  must  be  carefully  guarded 
against :  viz.,  inequality  of  settlement  and  lateral  escape 
of  the  supporting  material ;  and,  if  these  radical  defects 
can  be  guarded  against,  there  is  scarcely  any  situation  in 
which  a  good  foundation  may  not  be  obtained. 

2.  Natural  Foundations. — The  best  foundation  is  a  natural 
one,  such  as  a  stratum  of  rock,  or  compact  gravel.  If  cir- 
cumstances prevent  the  work  being  commenced  from  the 
same  level  throughout,  the  ground  must  be  carefully  benched 
out,  that  is,  cut  into  horizontal  steps,  so  that  the  courses 
may  all  be  perfectly  level.  It  must  also  be  borne  in  mind 
that  all  work  will  settle,  more  or  less,  according  to  the  per- 
fection of  the  joints,  and  therefore  in  these  cases  it  is  best 
to  bring  up  the  foundations  to  a  uniform  level,  with  large 
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blocks  of  stone,  or  with  concrete,  before  commencing  the 
superstructure,  which  would  otherwise  settle  most  over  the 
deepest  parts,  on  account  of  the  greater  number  of  mortar 
joints,  and  thus  cause  unsightly  fractures,  as  shown  in 
Fig.  1. 

3.  Many  soils  form  excellent  foundations  when  kept  from 
the  weather,  which  are  worthless  when  this  cannot  be 
effected.  Thus  blue  shale,  which  is  often  so  hard  when  the 
ground  is  first  opened  as  to  require  blasting  with  gun- 
powder, will,  after  a  few  days'  exposure,  slake  and  run  into 
sludge.  In  dealing  with  soils  of  this  kind  nothing  is  required 
but  to  keep  them  from  the  action  of  the  atmosphere.  This 


is  best  done  by  covering  them  with  a  layer  of  concrete, 
which  is  an  artificial  rock,  made  of  sand  and  gravel, 
cemented  with  a  small  quantity  of  lime.  For  want  of  this 
precaution  many  buildings  have  been  fractured  from  top  to 
bottom  by  the  expansion  and  contraction  of  their  clay 
foundations  during  the  alternations  of  drought  and  mois- 
ture, to  which  they  have  been  exposed  in  successive 
seasons. 

4.  Artificial  Foundations. — Where  the  ground  in  its 
natural  state  is  too  soft  to  bear  the  weight  of  the  proposed 
structure,  recourse  must  be  had  to  artificial  means  of  sup- 
port, and,  in  doing  this,  whatever  mode  of  construction  be 
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adopted,  the  principle  must  always  be  that  of  extending  the 
bearing  surface  as  much  as  possible ;  just  in  the  same  way 
that  by  placing  a  plank  over  a  dangerous  piece  of  ice  a 
couple  of  men  can  pass  over  a  spot  which  would  not  bear 
the  weight  of  a  child.  There  are  many  ways  of  doing  this 
— as  by  a  thick  layer  of  concrete,  or  by  layers  of  planking, 
or  by  a  network  of  timber,  or  these  different  methods  may 
be  combined.  The  weight  may  also  be  distributed  over  the 
entire  area  of  the  foundation  by  inverted  arches,  and  this 
is  especially  advisable  where  you  have  a  large  building  full 
of  openings,  and  the  weights  of  floors,  etc.,  brought  to  the 
piers.  Inverted  arches  are  then  more  than  ever  necessary 
to  prevent  unequal  settlement,  by  re-distributing  the  weights 
on  to  the  full  area  of  foundation. 

5.  The  use  of  timber  is  objectionable  where  it  cannot  be 
kept  constantly  wet,  as  alternations  of  dryness  and  moisture 
soon  cause  it  to  rot,  and  for  this  reason  concrete  is  very  ex- 
tensively used  in  situations  where  timber  would  be  liable  to 
decay. 

6.  In  the  case  of  a  foundation  partly  natural  and  partly 
artificial,  the  utmost  care  and  circumspection  are  required 
to  avoid  unsightly  fractures  in  the  superstructure ;  and  it 
cannot  be  too  strongly  impressed  on  the  mind  of  the 
reader,  that  it  is  not  an  unyielding,  but  a  unifmiily  yielding 
foundation  that  is  required,  and  that  it  is  not  the  ammnt, 
so  much  as  the  inequality,  of  settlement  that  does  the  mis- 
chief. 

The  second  great  principle  which  we  laid  down  at  the 
commencement  of  this  section  was— To  prevent  the  lateral 
escape  of  the  supporting  material.  This  is  especially  neces- 
sary when  building  in  running  sand,  or  soft  buttery  clay, 
which  would  ooze  out  from  below  the  work,  and  allow  the 
superstructure  to  sink.    In  soils  of  this  kind,  in  addition  to 
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protecting  the  surface  with  plankiDg,  concrete,  or  timber,  the 
whole  area  of  the  foundation  must  be  inclosed  with  wood 
or  cast-iron  piles  driven  close  together — this  is  called  sheet- 
piling.    The  cast-iron  sheet  piling  is 

 arranged  as  sketch.  Fig.  lA. 

Plan  Where  running  sand  or  soft  irre- 

Fig.  lA.  gular  ground  is  met  with,  and  where 

the  site  is  so  inclosed  that  piling  could 
not  be  conveniently  undertaken,  and  provided  the  neigh- 
bouring drains  and  sewers  were  not  so  deep  as  to  run  a  risk 
of  drawing  oif  the  water  in  the  foundation,  a  block  of 
concrete  several  feet  thick  should  be  spread  over  the  whole 
site  with  cross-laced  layers  of  steel  rods,  joists,  old  railway 
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rails,  or  expanded  metal,  placed  below  the  neutral  axis  in 
the  lower  portions  of  the  concrete  to  give  the  block  that 
resistance  to  tension  which  it  would  lack  if  the  ground 
underneath  were  to  settle  unevenly. 

An  example  of  a  wide-spread  foundation  in  soft  ground 
is  shown  in  Fig.  2,  which  is  a  section  of  the  founda- 
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tion  for  the  walls  of  the  Leyden  station  of  the  Amsterdam 
and  Eotterdam  Kailwaj',  bnilt  a.d.  1843.*  The  station 
stands  upon  such  bad  ground,  that  it  was  necessary  to 
support  the  walls  upon  a  kind  of  raft  resting  on  oak  piles. 

7.  Where  there  is  a  hard  stratum  below  the  soft  ground, 
but  at  too  great  a  depth  to  allow  of  the  solid  work  being 
brought  up  from  it  without  greater  expense  than  the  cir- 
cumstances of  the  case  will  allow,  it  is  usual  to  drive  down 
wooden  piles,  shod  with  iron,  until  their  bottoms  are  firmly 
fixed  in  the  hard  ground.  The  upper  ends  of  the  piles  are 
then  cut  off  level,  and  covered  with  a  platform  of  timber  on 
which  the  work  is  built  in  the  usual  way. 

8.  Where  a  firm  foundation  is  required  to  be  formed  in 
a  situation  where  no  firm  bottom  can  be  found  within  an 
available  depth,  piles  are  driven,  to  consolidate  the  mass,  a 
few  feet  apart  over  the  whole  area  of  the  foundation,  which 
is  surrounded  by  a  row  of  sheet-piling  to  prevent  the  escape 
of  the  soil ;  the  space  between  the  pile  heads  is  then  filled 
to  the  depth  of  several  feet  with  stones  or  concrete,  and 
the  whole  is  covered  with  a  timber  platform,  on  which  to 
commence  the  solid  work. 

9.  Foundations  in  /Fa/er.— Hitherto  we  have  been  describ- 
ing ordinary  foundations  ;  we  now  come  to  those  cases  in 
which  water  interferes  with  the  operations  of  the  builder, 
oftentimes  causing  no  little  trouble,  anxiety,  and  expense. 

Foundations  in  water  may  be  divided  under  three  heads  : 
1st,  Foundations  formed  wholly  with  piles.  2nd,  Solid 
foundations  laid  on  the  surface  of  the  ground,  either  in  its 
natural  state,  or  roughly  levelled  by  dredging.  3rdly,  Solid 
foundations  laid  below  the  surface,  the  ground  being  laid 
dry  by  cofferdams. 

*  From  the  "Minutes  of  Proceedings  of  the  Institution  of  Civil 
Engineers,"  1844. 
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10.  Foundations  formed  wholly  of  piles. — The  simplest 
foundations  of  this  kind  are  those  formed  by  rows  of 
wooden  piles  braced  together  so  as  to  form  a  skeleton  pier 
for  the  support  of  horizontal  beams ;  and  this  plan  is  often 
adopted  in  building  jetties,  piers  of  wooden  bridges,  and 
similar  erections  where  the  expense  precludes  the  adoption 
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Fig.  3. 


of  a  more  permanent  mode  of  construction  ;  an  example  of 
this  kind  is  shown  in  Fig.  3. 

In  deep  water  the  bracing  of  the  piles  becomes  a  difficult 
matter,  and  an  ingenious  expedient  for  effecting  this  was 
made  use  of  by  Mr.  Walker,  in  the  erection  of  the  Ouse 
Bridge,  on  the  Leeds  and  Selby  Railway,  a.D.  1840.  .This 
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consisted  in  rounding  the  piles  to  Avhich  the  braces  are  at- 
tached for  a  portion  of  their  length,  to  allow  the  cast-iron 
sockets  in  which  they  rest  to  descend  and  take  a  solid  bear- 
ing upon  the  square  shoulders  of  the  brace-piles.  After  the 
brace-piles  were  driven,  the  braces  were  bolted  into  their 
sockets  and  dropped  down  to  their  required  position,  and 
their  upper  ends  were  then  brought  to  their  places  and 
bolted  to  the  superstructure. 

11.  There  is  always,  however,  a  great  objection  to  the  use 
of  piles  partly  above  and  partly  under  water,  namely,  that, 
from  the  alternations  of  dryness  and  moisture,  they  soon 
decay  at  the  water-line,  and  erections  of  timber  require  ex- 
tensive repairs  from  this  cause.  In  tidal  waters,  too,  they 
are  often  rapidly  destroyed  by  the  worm,  unless  the  timber 
is  impregnated  with  solutions  to  preserve  it  from  decay  and 
worm  destruction,  the  best  known  processes  being  creo- 
soting,  burnettising,  kyanising,  and  haskenising. 

To  obviate  the  inconveniences  attending  the  use  of 
timber,  cast  iron  is  sometimes  used  as  a  material  for  piles  ; 
but  this  again  is  objectionable  in  salt  water,  as  the  action  of 
the  sea-water  upon  the  iron  converts  it  into  a  soft  substance 
which  can  be  cut  with  a  knife,  resembling  the  Cumberland 
lead  used  for  pencils. 

12.  In  situations  where  a  firm  hold  cannot  be  obtained 
for  a  pile  of  the  ordinary  shape,  such  as  shifting  sand, 
Mitchell's  patent  screw-piles  may  be  used  with  great  ad- 
vantage. These  piles  terminate  at  the  bottom  in  a  large 
iron  screw,  4  ft  in  diameter,  which,  being  screwed  into  the 
ground,  gives  a  firm  foothold  to  the  pile.  This  is  a  very 
simple  and  efficient  mode  of  obtaining  a  foundation  where 
all  other  means  would  fail,  and  has  been  used  in  erecting 
light -houses  on  sand-banks  with  great  success.  The 
Maplin  Sand  Lighthouse  at  the  mouth  of  the  Thames,  and 
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the  Fleetwood  Lighthouse,  at  Fleetwood,  in  Lancashire, 
both  erected  a.d.  1840,  may  be  instanced. 

13.  An  ingenious  system  of  cast-iron  piling  was  adopted 
by  Mr.  Tierney  Clark,  in  the  erection  of  the  Town  Pier  at 
Grravesend,  Kent,  A.D.  1834,  in  forming  a  foundation  for  the 
cast-iron  columns  supporting  the  superstructure  of  the  T 
head  of  the  pier.  Under  the  site  of  each  column  were 
driven  three  cast-iron  piles,  on  which  an  adjusting  plate  was 
firmly  keyed,  forming  a  broad  base  for  the  support  of  the 
column,  which  was  adjusted  to  its  correct  position,  and 
bolted  down  to  the  adjusting  plate. 

14.  A  kind  of  foundation  on  the  same  principle  as  piling 
has  been  lately  much  used  in  situations  where  ordinary 
piling  cannot  be  resorted  to  with  advantage.  The  method 
referred  to  consists  in  sinking  hollow  cast-iron  cylinders 
until  a  hard  bottom  is  reached.  The  interior  of  the 
cylinder  is  then  pumped  dry,  and  filled  up  with  concrete  or 
some  equally  solid  material,  thus  making  it  a  solid  pier  on 
which  to  erect  the  superstructure.  The  cylinders  are  made 
in  lengths,  which  are  successively  bolted  together  as  each 
previous  length  is  lowered,  the  excavation  going  on  at  the 
bottom,  which  is  kept  dry  by  pumping.  It  often  happens, 
however,  in  sinking  through  sand,  that  the  pressure  of  the 
water  is  so  great  as  to  blow  up  the  sand  at  the  bottom  of 
the  cylinder ;  and,  when  this  is  the  case,  the  operation  is 
carried  on  by  means  of  a  large  auger,  called  a  raiser,  which 
excavates  and  brings  up  the  materials  without  the  necessity 
of  pumping  out  the  water.  The  lower  edge  of  the  bottom 
length  of  each  cylinder  is  made  with  a  sharp  edge,  to 
enable  it  to  penetrate  the  soil  with  greater  ease,  and  to 
enter  the  hard  bottom  stratum  on  which  the  work  is  to  rest. 
This  method  was  adopted  by  Mr.  Redman  in  the  erection 
of  the  Terri^ce  ?ier  at  Grravesend,  Kent,  fiijished4.D,  1845, 
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and  the  same  principle  is  adopted  in  tunnelling  with  cast- 
iron  tubes  for  underground  railways. 

1.5.  Before  closing  our  remarks  on  pile  foundations,  we 
must  mention  a  very  curious  system  of  carrying  up  a 
foundation  through  loose  wet  sand,  which  is  practised  in 
India  and  China,  and  is  strictly  analogous  to  the  sinking  of 
cast-iron  cylinders  just  described. 

It  consists  in  sinking  a  series  of  wells  close  together, 
which  are  afterwards  arched  over  separatel}^  and  covered 
with  a  system  of  vaulting  on  which  the  superstructure  is 
raised.  The  method  of  sinking  these  wells  is  to  dig  down, 
as  far  as  practicable,  without  a  lining  of  masonry,  or  until 
water  is  reached;  a  wooden  curb  is  then  placed  at  the 
bottom  of  the  excavation,  and  a  brick  cylinder  raised  upon  it 
to  the  height  of  3  or  4  ft.  above  the  ground.  As  soon  as 
the  work  is  sufficiently  set,  the  curb  and  the  superin- 
cumbent brick-work  are  lowered  by  excavating  the  ground 
under  the  sides  of  the  curb,  the  peculiarity  of  the  process 
being  that  the  well-sinker  works  under  water,  frequently 
remaining  submerged  more  than  a  minute  at  a  time. 
These  cylinders  have  been  occasionally  sunk  to  a  depth  of 
40  ft. 

16.  Solid  Foundation  simply  laid  on  the  Surface  of  the 
Ground. — Where  the  site  of  the  intended  structure  is  per- 
fectly firm,  and  there  is  no  danger  of  the  work  being  under- 
mined by  any  scour,  it  will  be  sufficient  to  place  the  ma- 
terials on  the  natural  bottom,  the  inequalities  of  surface 
being  first  removed  by  dredging  or  blasting. 

17.  Pierre  perdue. — The  simplest  mode  of  proceeding  is 
to  throw  down  masses  of  stone  at  random  over  the  site  of 
the  work  until  the  mass  reaches  the  surface  of  the  water, 
above  which  the  work  can  be  carried  on  in  the  usual  man- 
lier,   This  is  called  a  foundation  of  '^pierre  perdue,"  or 
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random  work,  and  is  used  for  breakwaters,  foundations  of 
sea-walls,  and  similar  works.  Plymouth  breakwater  is  an 
example  on  a  large  scale. 

18.  Coursed  Masonry. — Another  way  much  used  in  har- 
bour work,  is  to  build  up  the  work  from  the  bottom  (which 
must  be  first  roughly  levelled)  with  large  stones,  carefully 
lowered  into  their  places;  and  this  is  a  very  successful 
method  where  the  stones  are  of  sufficient  size  and  weight 
to  enable  the  work  to  withstand  the  run  of  the  sea.  The 
diving-bell  affords  a  ready  means  of  verifying  the  position 
of  each  stone  as  it  is  lowered. 

19.  Biton. — On  the  Continent  foundations  under  water 
are  frequently  executed  with  blocks  of  b6ton  or  hydraulic 
concrete,  which  has  the  property  of  setting  under  water. 
The  site  of  the  work  is  first  inclosed  with  a  row  of  sheet- 
piling,  which  protects  the  b6ton  from  disturbance  until  it 
has  set.  This  system  is  of  very  ancient  date,  being  de- 
scribed by  Vitruvius,  and  was  practised  by  the  Romans, 
who  have  left  us  many  examples  of  it  on  the  coast  of  Italy, 
The  French  engineers  have  used  b6ton  in  the  works  at 
Algiers,  in  large  blocks  of  324  cubic  feet,  which  were  floated 
out  and  allowed  to  drop  into  their  places  from  slings.  This 
method,  which  proved  perfectly  successful,  was  adopted  in 
consequence  of  the  smaller  blocks  first  used  being  displaced 
and  destroyed  by  the  foi^ce  of  the  sea. 

20.  Caissons. — A  caisson  is  a  chest  of  timber,  which  is 
floated  over  the  site  of  the  work,  and,  being  kept  in  its 
place  by  guide-piles,  is  loaded  with  stone  until  it  rests 
firmly  on  the  ground.  The  masonry  is  then  built  on  the 
bottom  of  the  caisson,  and  when  the  work  reaches  the  level 
of  the  water  the  sides  of  the  caisson  are  removed. 

This  method  of  building  has  been  much  used  on  the 
Continent,  but  is  not  much  practised  in  this  country. 
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Westminster  Bridge,  London,  is  a  noted  instance  of  its 
failure.  The  bottom  of  the  river  has  been  scoured  out  to  a 
depth  of  several  feet  since  the  erection  of  the  bridge  ;  and 
the  foundations  of  the  piers  remained  in  a  dangerous  state 
until  they  were  secured  in  the  recent  repairs  by  driving 
sheet-pihng  all  round  them,  and  underpinning  the  portions 
which  had  been  undermined. 

21.  An  improvement  on  the  above  method  consists  in 
dredging  out  the  ground  to  a  considerable  depth,  and  put- 
ting in  a  thick  layer  of  b^ton  on  which  to  rest  the  bottom 
of  the  caisson. 

22.  There  is  a  third  method  of  applying  caissons  which 


* 

Fig.  4. 

is  practised  by  our  Continental  neighbours,  and  which  is 
free  from  the  objections  which  commonly  attend  the  use  of 
caissons.  A  firm  foundation  is  first  formed  by  driving  piles 
a  few  feet  apart  over  the  whole  site  of  the  foundation.  The 
tops  of  the  piles  are  then  sawn  off  under  water  just 
enough  above  the  ground  to  allow  of  their  being  all  cut  to 
the  same  level.  The  caisson  is  then  floated  over  the  piles, 
and,  when  in  its  proper  position,  is  sunk  upon  them,  being 
kept  in  its  place  by  a  few  piles  left  standing  above  the 
others,  the  water  being  kept  out  of  the  caisson  by  a  kind  of 
well  constructed  round  each  of  these  internal  guide-piles, 
which  are  built  up  into  the  masonry.  This  method  of 
building  in  caissons  on  pile  foundations  is  shown  in  Figs.  4 
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and  5.  The  piers  of  the  Pont  du  Val  Benoit  at  Li^ge, 
built  A.D.  1842,  which  carries  the  railway  across  the  Meuse, 
have  been  built  on  pile  foundations  in  the  manner  here 
described. 


V  V   V  V   V  V 
Fig.  5. 

23,  Solid  Foundations  laid  in  Cofferdams. — There  are 
many  circumstances  under  which  it  becomes  necessary  to 
lay  the  bottom  dry  before  commencing  operations.  This  is 
done  by  inclosing  the  site  of  the  foundation  with  a  water- 
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tight  wall  of  timber,  from  within  which  the  water  can  be 
pumped  out  by  steam  power  or  otherwise.  Sometimes,  in 
shallow  water,  it  is  sufficient  to  drive  a  single  row  of  piles 
only,  the  outside  being  protected  with  clay,  as  shown  in 
Fig,  6 ;  but  in  deep  water  two  or  even  four  x'ows  of  piles 
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will  be  required,  the  space  between  them  being  filled  in 
with  well-rammed  puddle,  so  as  to  form  a  solid  watertight 
mass  (see  Fig.  7).  The  great  difficulties  in  the  construc- 
tion of  a  cofferdam  are — 1st  to  keep  it  water-tight ;  and, 
2nd,  to  support  the  sides  against  the  pressure  of  the  water 
outside,  which  in  tidal  waters  is  sometimes  so  great  as  to 
render  it  necessary  to  allow  a  dam  to  fill  to  prevent  its  being 
crushed. 
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Fig.  7. 

24.  In  order  to  save  timber,  and  to  avoid  the  difficulty 
of  keeping  out  the  bottom  springs,  it  has  been  proposed  by 
a  French  engineer,  after  driving  the  outer  row,  to  dredge 
out  the  area  thus  inclosed,  and  fill  it  up  to  a  certain  height 
with  b^ton.  The  cofferdam  is  then  to  be  completed  by 
driving  an  inner  row  of  piles  resting  on  the  b^ton,  and 
puddling  between  the  two  rows  in  the  usual  manner ;  and 
the  masonry  is  carried  up  on  the  b6ton  foundation  thus 
prepared.    This  construction  is  shown  in  Fig.  8. 
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25.  The  limits  of  the  present  vokime  prevent  our  enter- 
ing into  any  detail  as  to  the  preparation  of  concrete  and 
b6ton,  the  methods  in  use  for  driving  piles,  and  the  con- 
struction of  cofferdams  :  the  reader  who  wishes  to  pursue 


Fig.  8. 


the  subject  further  is  referred  to  the  volume  of  this  series 
on  "  Foundations  and  Concrete  Works,"  where  he  will  find 
a  detailed  description  of  these  operations. 

RETAINING  WALLS. 

26.  The  name  of  retaining  wall  is  applied  generally  to  all 
walls  built  to  support  or  sustain  a  mass  of  earth  in  a  vertical 
position;  but  the  term  is,  correctly  speaking,  applicable 
only  to  those  constructed  for  the  purpose  of  retaining  earth 
or  other  filling  deposited  behind  the  wall  after  it  is  built 
(Fig.  9).  Walls  to  prevent  the  fall  of  earth  from  its  natural 
position  in  banks,  etc.,  which  have  been  excavated  to  a 
vertical  or  inclined  face,  are  called  face  or  breast  walls,  and 
need  not  be  so  thick  as  a  retaining  wall,  as  the  undisturbed 
and  consolidated  earth  exerts  little  or  no  lateral  pressure 
(Fig.  10). 
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27.  Retaining  Walls. — Many  rules  have  been  given  by- 
different  writers  for  calculating  the  thrust  or  pressure  which 
a  mass  of  earth  may  exert  against  a  retaining  wall,  and  for 
determining  the  most  economical  formation  of  wall  to  resist 
it ;  but  the  local  conditions  as  to  the  nature  of  the  bed 
formation,  the  materials  available  for  filling  and  their  action 
under  diff"erent  climatic  influences,  must  be  taken  into 
account  in  applying  theoretical  deductions,  and  practical 
experience  is  desirable  to  successfully  design  work  of  this 
nature. 


Fig.  9.  Fig.  10. 


28.  The  calculation  of  the  stability  of  a  retaining  wall 
involves  the  following  investigations  : — 

(1)  The  pressure  of  the  earth  to  be  sustained. 

(2)  The  liability  of  the  wall  to  slide  on  its  base. 

(3)  The  overturning  of  the  wall  by  rotating  on  its  toe  as 
a  fulcrum,  or  failing  by  bulging  out. 

29.  Theory  of  earth  pressure. — The  slope  which  the  earfcli 
would  assume  if  left  totally  unsupported  is  called  the  angle 
of  natural  slope,  and  is  generally  stated  in  term  of  degrees 
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relative  to  a  horizontal  line.  The  natural  slope  of  different 
materials  used  for  backing  averages  : — 


For  purposes  of  calculation  it  is  recommended  that  the 
backing  be  assumed  to  have  a  natural  slope  of  1^  hor. 
to  1  vert. :  equal  to  an  angle  of  nearly  34°,  or  the  same  as 
dry  sand.  To  prevent  the  backing  becoming  saturated  with 
water  into  a  semi-fluid  state,  and  thus  bringing  a  hydrostatic 
pressure  against  the  wall,  in  cases  where  this  is  likely  to 
occur,  weep  holes  or  pipes  should  be  built  in  the  lower 
portion  of  the  wall  from  back  to  front  at  regular  intervals 
along  its  length. 

In  Fig.  1 1  the  line  B  C  denoting  the  natural  slope  of  the 
backing  and  A  B  the  face  of  back  of  wall,  if  the  angle  ABC 


Dry  sand 
Rubble 


34° 
45° 
45° 


Gravel  and  shingle  .  40° 
Compact  earth  45°  to  50° 
Vegetable  earth      .  28° 


Well-drained  clay 


A 


C 


Fig.  11. 


be  divided  into  two  equal  angles  by  a  line  B  D,  then  the 
angle  A  B  D  represents  the  angle,  and  B  D  the  slope  of 
maximum  pressure ;  because,  considered  as  a  wedge,  the 
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mass  contained  in  the  triangle  A  B  D  produces  a  greater 
pressure  upon  the  wall  than  the  larger  triangle  ABC, 
considered  as  a  single  wedge,  for  although  the  latter  is 
heavier,  it  is  partially  supported  by  the  ground  below  it. 

The  centre  of  pressure  is  that  point  in  which  a  straight 
line  drawn  parallel  to  the  angle  of  natural  slope  through 
the  centre  of  gravity  of  the  mass  contained  in  the  triangle 
ABC,  strikes  the  back  of  wall  at  P,  and  the  direction  of 
the  pressure  is  at  right  angles  to  this  face  as  P  x. 

When  the  ground  is  to  be  level  with  the  top  of  wall,  and 
the  back  face  vertical,  the  centre  of  pressure  P  is  one-third 
the  height  of  the  wall  measured  from  the  base. 

The  contents  of  the  prism  of  maximum  pressure  (that  is 
the  area  of  the  triangle  A  B  D  in  square  feet  multiplied  by 
a  lineal  length  of  one  foot)  multiplied  by  the  weight  per 
cubic  foot  of  the  material  to  be  used  for  backing,  represents 
the  weight  of  earth  to  be  sustained  ;  and  neglecting  friction 
or  cohesion  of  the  material  itself — assume  W  as  weight  of 
earth,  b  length  of  A  D,  and  h  height  A  B  : 

Then  P  x  or  theoretical  pressure  due  to  sustained  earth 

per  Imeal  foot  =  —  

30.  PFall  sliding  upon  its  base  or  sinking. — The  ground 
should  be  excavated  to  give  the  base  a  firm  hold  in  the 
ground,  usually  about  3  feet  in  railway  work.  When  the 
ground  is  very  soft,  piles  should  be  driven  to  hard  ground 
in  sufficient  numbers  to  safely  carry  the  weight  or  pressure 
calculated  to  come  upon  them,  due  to  the  weight  of  wall 
and  sustained  earth  (Fig.  12). 

Weight  of  Materials  in  lbs.  per  Cubic  FbOT  appeoximatelt. 

Dry  sand       .       90—100  Clay  ...  120 

Wet  Band       .     120—170  Earth  .       .  80—120 

Shingle  ...       80  Marl  .       .  100—120 
C 
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31.  Stability  of  Walls. — The  wall  is  assumed  to  be  a  solid 
mass  incapable  of  sliding  forward,  and  giving  way  only  by 
overturning  at  its  toe  as  a  fulcrum.  In  the  diagram  (Fig. 
13)  the  foundation  of  the  wall  has  been  omitted  to  simplify 
the  consideration  of  the  subject. 


Fig. 12 


Find  the  centre  of  gravity  of  the  wall  and  also  the  earth 
contained  in  the  angle  A  B  E  (or  the  wall  only  if  the  back 
face  is  vertical)  and  draw  a  perpendicular  line  down  through 
the  base  ;  where  this  line  cuts  the  line  of  pressure  P  x,  at 
the  point  a,  with  suitable  scale  make  a  b  equal  to  the 
weight  per  lineal  foot  of  wall,  etc.,  and  a  c  equal  to  earth 
pressure  as  previously  ascertained.    Complete  the  parallelo- 
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gram  ah  d  c  and  draw  the  diagonal  /,  which  will  represent 
the  resultant  pressure  in  direction  and  magnitude.  If  this 
line  falls  outside  the  base  B  o,  then  the  wall  will  be  unstable. 
According  to  some  authorities  this  line  should  fall  between 
the  middle  third  of  the  base ;  and  others  state,  the  length 
/  0  should  not  be  less  than  one-fifth  of  the  width  of  base  B  o, 


Fig.  13. 

to  prevent  the  wall  sinking  into  the  earth  or  fracturing  the 
material  of  which  the  wall  is  built. 

32.  The  moment  of  the  wall  to  resist  overturning  will  be 
the  weight  multiplied  by  the  leverage  m  o. 

Appboximatb  Weight  per  Cubic  Foot  of  Matbbials  Used  in 

CONSTKUCTINQ  WaLLS. 

lbs. 

Brickwork  ....  112—120 
Masonry       .       .       .       .       115 — 150 

-  Cement  concrete   .       .       .       130 — 140 

The  moment  of  the  pressure  tending  to  overturn  the 
>vall,  will  be  the  pressure  multiplied  by  the  leverage  n  o 
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{n  0  being  a  line  dra-vvn  at  right  angles  to  P  a;  from  the  toe 
of  the  wall). 

The  stability  of  the  wall  will  be  in  proportion  as  the 
moment  of  resistance  exceeds  the  moment  of  pressure. 

33.  Where  the  friction  of  the  earth  against  the  slope  and 
the  back  of  the  wall  is  destroyed  by  the  filtration  of  water, 
the  action  of  the  earth  will  be  precisely  similar  to  that  of  a 
column  of  water  of  the  height  of  the  wall.  The  pressure 
upon  the  side  of  any  vessel  is  the  half  of  the  pressure  that 
would  take  place  upon  the  bottom  if  of  the  same  area. 
Now,  calling  the  specific  gravity  of  the  water  5,  and  vertical 
height  A,  the  pressure  upon  the  bottom,  supposing  its  length 
to  be  I,  would  heh  si]  therefore  the  pressure  upon  the 
side  will  be — 

^tll ;  and  overturning  moment  =  P  x  w  o  =        ^  ^ 
2i  2 

And,  where  the  back  of  the  wall  is  vertical,  then — 


34.  Resistance  of  the  ^a/Z.— Considering  the  wall  as  a 
solid  mass,  the  effect  of  its  weight  to  resist  an  overturning 
thrust  will  be  directly  as  the  horizontal  distance  E  H  from 
its  front  edge  to  a  vertical  line  drawn  through  G,  the  centre 
of  gravity  of  the  wall,  Fig.  U;  or  calling  the  moment  R, 
and  the  weight  of  the  Avail  w,  then  R  =  wxEH.  EH  will 
be  directly  as  E  B,  the  proportions  of  the  wall  being  con- 
stant; therefore  a  wall  of  triangular  section  will  afford 
more  resistance  than  a  rectangular  one  of  equal  sectional 
area,  the  base  of  a  triangle  being  twice  that  of  9.  rectangle 
of  equal  height  and  area, 


p  _  ^ 
2 


A  B  =  ^  and  w  0  =  Therefore — 
and  overturning  moment  =  _  x 


h?s 
6 
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35.  If  the  wall  be  built  with  a  curved  Concave  batter, 
Fig.  U,  E  H  will  be  still  greater  than  in  the  case  of  a 
triangular  wall  of  equal  sectional 

area ;  and,  if  the  wall  were  one 
solid  mass  incapable  of  fracture, 
this  form  would  offer  more  resis- 
tance than  the  triangular.  But, 
as  this  is  not  the  case,  we  may- 
consider  any  portion  of  the  wall 
cut  oflf  from  the  bottom  by  a 
level  line  to  be  a  distinct  wall 
resting  upon  the  lower  part  as 
a   foundation.     Imagine  A  eb 

to  be  a  complete  wall  capable  of  turning  upon  e  as  a 
fulcrum.  The  resistance  would  be  considerably  less  than 
that  of  the  corresponding  portion  of  a  triangular  wall.  In 
the  case  of  a  triangular  wall  the  proportions  of  the  resis- 
tance to  the  thrust  will  be  the  same  throughout  its  height. 
In  the  case  of  a  rectangular  one,  the  resistance  will  bear  a 
greater  proportion  to  the  thrust  the  greater  the  distance 
from  the  bottom.  In  the  case  of  a  wall  with  a  concave 
curved  batter,  the  reverse  of  this  takes  place. 

The  value  of  E  H  will  be  greatest  when  E  H=E  B,  the 
wall  will  be  then  exactly  balanced  on  H ;  but  in  practice 
this  limit  should  never  be  reached,  for  fear  the  wall  should 
become  crippled  by  depending  on  the  earth  for  support. 
The  value  of  E  H  will  be  least  when  H  coincides  with  E, 
which  opposite  limit  also  is  never  reached  in  practice — for 
obvious  reasons— as  the  wall  would  in  this  case  overhang 
its  base,  and  be  on  the  point  of  falling  forward. 

36.  The  increased  leverage  is  not  the  only  advantage 
gained  by  the  triangular  form  of  wall.  In  the  foregoing 
investigation  we  have  considered  the  wall  as  a  solid  mass, 
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turning  on  its  front  edge.  Now,  practically,  the  difficulty  is 
not  so  much  to  keep  the  wall  from  overturning  as  to  pre- 
vent the  courses  from  sliding  on  each  other. 

In  an  upright  wall  built  in  horizontal  courses,  the  chief 
resistance  to  sliding  arises  from  the  adhesion  of  the  mortar, 
but,  if  the  wall  be  built  with  a  sloping  or  battering  face,  the 
beds  of  the  courses  being  inclined  to  the  horizon,  the  re- 
sistance to  the  thrust  of  the  bank  is  increased  in  proportion 
to  the  tendency  of  the  courses  to  slide  down  towards  the 
bank ;  thus  rendering  the  adhesion  of  the  mortar  merely 
an  additional  security.  The  importance  of  making  the 
resistance  •  independent  of  the  adhesion  of  the  mortar  is 
obviously  very  great,  as  it  would  otherwise  be  necessary  to 
delay  backing  up  a  wall  until  the  mortar  were  thoroughly 
set,  which  might  require  several  months. 

37.  The  exact  determination  of  the  thrust  which  will  be 
exerted  against  a  wall  of  given  height  is  not  possible  in 
practice ;  because  the  thrust  depends  on  the  cohesion  of 
the  earth,  the  dryness  of  the  material,  the  mode  of  backing 
up  the  wall,  and  other  conditions  which  we  have  no  means 
of  ascertaining. 

38.  Experience  has  shown  that  the  thickness  of  a  vertical 
wall — that  is,  with  both  faces  vertical — should  not  be  less 
than  one-third  the  height,  at  the  base,  when  required  to 
retain  material  loosely  tipped.  The  back  should  be  rough 
or  stepped  to  increase  the  friction  of  the  backing,  thus 
adding  to  the  stability.  The  batter  on  the  face  should  not 
exceed  one-sixth  the  height,  to  prevent  the  action  of  weather 
upon  the  face  joints.  The  mortar  for  joints  should  be 
mixed  with  a  portion  of  cement,  or  be  made  of  cement 
mortar. 

Walls  with  inclined  faces  and  sloped  or  stepped  backs, 
are  to  be  made  thicker  at  the  base  than  vertical  walls, 
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owing  to  the  reduced  section  in  the  upper  part  of  walls 
diminishing  the  weight,  but  not  in  proportion  as  the 
inclined  face  throws  the  centre  of  gravity  further  from  the 
toe,  increasing  the  leverage  of  overturning — and  the  line  of 
pressure  is  directed  more  towards  the  toe,  decreasing  the 
leverage  of  pressure,  the  wall  may  thus  be  made  lighter  yet 
give  the  same  stability  as  a  vertical  wall. 

39.  Counterforts. — Retaining  walls  are  often  built  with 
counterforts,  or  buttresses,  at  short  distances  apart,  which 
allow  of  the  general  section  of  the  wall  being  made  lighter 
than  would  otherwise  be  the  case.  The  principle  on  which 
these  counterforts  are  generally  built  is,  however,  very  de- 
fective, as  they  are  usually  placed  behind  the  wall,  which 
frequently  becomes  torn  from  them  by  the  pressure  of  the 
earth.  The  strength  of  any  retaining  wall  would,  however, 
be  greatly  increased  were  it  built  as  a  series  of  arches, 
abutting  on  long  and  thin  buttresses  ;  but  the  loss  of  space 
that  would  attend  this  mode  of  construction  has  effectually 
prevented  its  adoption  except  in  a  few  instances. 

FACE  OR  BREAST  WALLS. 

40.  Where  the  wall  is  required  to  prevent  the  falling 
away  of  earth  from  a  vertical  or  inclined  face,  as  in  banks 
or  railway  cuttings,  it  is  not  usually  necessary  that  the 
wall  should  be  as  thick  as  those  previously  described,  as, 
owing  to  the  natural  formation  being  consolidated  and 
undisturbed,  the  wall  acts  more  a§  a  face  wall  than  to 
sustain  the  earth. 

In  constructing  a  wall  of  this  kind  the  face  of  the  earth 
(as  soon  as  possible  after  the  material  has  been  removed) 
should  be  close  planked  and  strutted,  so  as  to  protect 
against  atmospheric  influences  and  any  movement  of  the 
earth  taking  place.    After  the  wall  is  built  the  timbering 
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should  be  removed  in  sections,  and  the  space  closely  packed 
with  stones. 

In  ordinary  cases  a  thickness  of  one-fourth — or  less — the 
vertical  height  of  wall  will  be  found  sufficient,  depending,  how- 
ever, entirely  upon  the  nature  and  formation  of  the  strata. 

41.  The  strength  of  a  breast  wall  must  be  proportion- 
ately increased  when  the  strata  to  be  supported  incline 
towards  the  wall,  as  in  Fig.  15  :  where  they  incline  from  it. 


Fig.  15. 


the  wall  need  be  little  more  than  a  thin  facing  to  protect 
the  ground  from  disintegration. 

42.  The  preservation  of  the  natural  drainage  is  one  of 
the  most  important  points  to  be  attended  to  in  the  erection 
of  breast  walls,  as  upon  this  their  stability  in  a  great 
measure  depends.  No  rule  can  be  given  for  the  best 
manner  of  doing  this ;  it  must  be  a  matter  for  attentive 
consideration  in  each  particular  case. 

ARCHES. 

43.  An  arch  in  perfect  equilibrium  may  be  considered  as 
a  slightly  elastic  curved  beam,  every  part  of  which  is  in  a 
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state  of  compression,  the  pressure  arising  from  the  weight 
of  the  arch  and  its  superincumbent  load  being  transmitted 
to  the  abutments  on  which  it  rests  in  a  curved  line  called 
the  curve  of  equilibrium,  passing  through  the  thickness  of  the 
arch. 

44.  The  wedge-shaped  stones  of  which  a  stone  arch  is 
composed  are  called  the  voussoirs.  The  upper  surface  of  an 
arch  is  called  its  extrados,  and  the  lower  surface  its  intrados 
01  soffit  (see  Fig.  16).  Theoretically,  a  stone  arch  might  give 


Fig.  16. 


way  by  the  sliding  of  the  voussoirs  on  each  other ;  but  in 
practice  the  friction  of  the  material  and  the  adhesion  of  the 
mortar  is  sufficient  to  prevent  this,  and  failure  takes  place 
in  the  case  of  an  overloaded  arch  by  the  voussoirs  turning 
on  their  edges. 

45.  The  curve  of  equilibrium  will  vary  with  the  rise  and 
span  of  the  arch,  the  depth  of  the  arch  stones,  and  the  dis- 
tribution of  the  load,  but  it  will  always  have  this  property, 
namely,  that  the  horizontal  thrust  will  be  the  same  at 
every  part  of  it.    In  order  that  an  arch  may  be  in  perfect 
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equilibrium,  its  curvature  should  coincide  with  that  of  the 
curve  of  equal  horizontal  thrust ;  if,  from  being  improperly 
designed  or  unequally  loaded,  this  latter  curve  approaches 
either  the  intrados  or  the  extrados,  the  voussoirs  will  be 
liable  to  fracture  from  the  pressure  being  thrown  on  a  very 
small  bearing  surface ;  and  if  it  be  not  contained  within  the 
thickness  of  the  arch,  failure  will  take  place  by  the  joints 
opening,  and  the  voussoirs  turning  on  their  edges. 

46.  The  manner  in  which  the  curve  of  equilibrium  is 
affected  by  any  alteration  in  the  load  placed  upon  an  arch 
may  readily  be  seen  by  making  an  experimental  equilibrated 
arch  with  convex  voussoirs,  as  shown  in  Fig.  16.  When 
bearing  its  own  weight  only,  the  points  of  contact  of  the 
voussoirs  will  lie  wholly  in  the  centre  of  the  thickness  of 
the  arch  ;  when  loaded  at  the  crown,  the  points  of  contact 
will  approach  the  extrados  at  the  crown,  and  the  intrados 
at  the  haunches ;  and,  if  loaded  at  the  haunches,  the  re- 
verse effect  will  take  place. 

47.  If  a  chain  be  suspended  at  two  points,  and  allowed 
to  hang  freely  between  them,  the  curve  it  takes  is  the  curve 
of  equilibrium  of  an  arch  of  the  same  span  and  length  on 
soffit,  in  which  the  weights  of  the  voussoirs  correspond  to 
the  weights  of  the  links  of  the  chain,  and  would  be  pre- 
cisely the  same  as  that  marked  out  by  the  points  of  contact 
of  the  curved  voussoirs  of  an  experimental  arch  of  the  same 
dimensions  built  as  above  described. 

48.  In  designing  an  arch,  two  methods  of  proceeding 
present  themselves  ;  we  may  either  confine  the  load  to  the 
weight  of  the  arch  itself  or  nearl}'^  so,  and  suit  the  shape  of 
the  arch  to  a  given  curve  of  equilibrium,  or  we  may  design 
the  arch  as  taste  or  circumstances  may  dictate,  and  load  it 
until  the  line  of  resistance  coincides  with  the  curve  thus 
determined  upon. 
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The  Gothic  vaults  of  the  Middle  Ages  were,  in  a  great 
measure,  constructed  on  the  first  of  these  methods,  being 
in  many  cases  only  a  few  inches  in  thickness,  and  the  cur- 
vature of  the  main  ribs  coinciding  very  nearly  with  their 
curves  of  equal  horizontal  thrust.  We  have  no  means  of 
ascertaining  whether  this  was  the  result  of  calculation  or 
experiment ;  probably  the  latter,  but  the  principle  was  evi- 
dently understood. 

At  the  present  day,  the  requirements  of  modern  bridge 
building  often  leave  the  architect  little  room  for  choice  in 
the  proportions  of  his  arches,  or  the  height  and  inclinations 
of  the  roadway  they  are  to  carry ;  and  it  becomes  necessary 
to  calculate  with  care  the  proportion  of  the  load  which  each 
part  of  the  arch  must  sustain,  in  order  that  the  curve  of 
equilibrium  may  coincide  with  the  curvature  of  the  arch. 

49.  The  formulae  for  calculating  the  equilibrium  of  an 
arch  are  of  too  intricate  a  nature  to  be  introduced  in  these 
pages ;  but  the  principles  on  which  they  depend  are  very 
simple. 

Lot  it  be  required  to  construct  a  stone  arch  of  a  given 
curvature  to  support  a  level  roadway,  as  shown  in  Fig.  16, 
and  to  find  the  weight  with  which  each  course  of  voussoirs 
must  be  loaded  to  bring  the  arch  into  equilibrium. 

Draw  the  centre  line  of  the  arch  to  a  tolerably  large  scale 
in  an  inverted  position  on  a  vertical  plane,  as  a  drawing 
board,  for  instance,  and  from  its  springing  points,  a  d,  sus- 
pend a  fine  silk  thread  of  the  length  of  the  centre  line 
strung  with  balls  of  diameter  and  weight  corresponding  to 
the  thickness  and  weight  of  the  voussoirs  of  the  arch  ;  then 
from  the  centre  of  each  ball  suspend  such  a  weight  as  will 
bring  the  thread  to  the  curve  marked  on  the  board,  and 
these  weights  will  represent  the  load  which  must  be  placed 
over  the  centre  of  gravity  of  each  of  the  voussoirs,  as  shown 
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by  the  dotted  lines,  in  order  that  the  arch  may  be  in  equi- 
librium. 

To  find  what  will  be  the  thrust  at  the  abutments,  or  at 
any  point  in  the  arch,  draw  a  c,  touching  the  curve,  the  ver- 
tical line  a  6  of  any  convenient  length,  and  the  horizontal 
line  b  c,  then  the  lengths  of  the  lines  a  c,  a  b,  and  b  c,  will 
be  respectively  as  the  thrust  of  the  arch  at  a,  in  the  direc- 
tion a  c,  and  the  vertical  pressure  and  horizontal  thrust  into 
which  it  is  resolved ;  and  the  weight  of  that  part  of  the 
arch  between  its  centre  and  the  point  a,  which  is  repre- 
sented by  a  b,  being  known,  the  other  forces  are  readily 
calculated  from  it. 

50.  When  the  form  of  an  arch  does  not  exactly  coincide 
with  its  curve  of  equal  horizontal  thrust,  there  will  always 
be  some  minimum  thickness  necessary  to  contain  this  curve, 
and  to  insure  the  stability  of  the  arch.  In  a  semicircular 
arch,  Fig.  17,  whose  thickness  is  one-ninth  of  its  radius,  the 
line  of  equal  horizontal  thrust  just  touches  the  extrados  at  the 
crown,  and  the  intrados  at  the  haunches,  pointing  out  the 
places  where  failure  would  take  place,  with  a  less  thickness 
or  an  unequal  load,  by  the  voussoirs  turning  on  their  edges. 
Those  arches  which  differ  most  from  their  curves  of  equal 
horizontal  thrust  are  semicircles  and  semi-ellipses,  which 
have  a  tendency  to  descend  at  their  crowns  and  to  rise  at 
their  haunches,  unless  they  are  well  backed  up.  Pointed 
arches  have  a  tendency  to  rise  at  the  crown  ;  and,  to  prevent 
this,  the  cross  springers  of  the  ribbed  vaults  of  the  Middle 
Ages  were  often  made  of  a  semicircular  profile,  their  flat- 
ness at  the  crown  being  concealed  by  the  bosses  at  their 
intersections. 

51.  If  the  experiment  be  tried  of  equilibrating,  in  the 
manner  above  described,  a  suspended  semicircular  or  semi- 
elliptical  arch,  it  will  be  found  to  be  practically  impossible, 
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as  the  weight  required  for  that  purpose  becomes  infinite  at 
the  springing.  This  difficulty  does  not  exist  in  practice,  for 
that  part  of  an  arch  which  lies  beyond  the  plane  of  the 


Fig.  17. 

face  of  the  abutment  in  reality  forms  a  part  of  the  abutment 
itself  (Fig.  17). 

The  Gothic  architects  well  understood  this,  and  in  their 
vaulted  roofs  built  this  portion 
in  horizontal  courses  as  part  of 
the  side  walls  (Fig.  18),  com- 
mencing the  real  arch  at  a 
point  considerably  above  the 
springing. 


52.  The  depth  of  the  vous- 
soirs  in  any  arch  must  be  suffi- 
cient to  contain  the  curve  of 
equilibrium  under  the  greatest 
load  to  which  it  can  be  exposed  ; 
and,  as  the  pressure  on  the  arch 
stones  increases  from  the  crown 
to  the  springing,  their  depth  should  be  increased  in  the 
same  proportion.    Each  joint  of  the  voussoirs  should  be  at 


Fig.  18. 


so 
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right  angles  to  a  tangent  to  the  curve  of  equilibrium  at 
the  point  through  which  it  passes. 

53.  Brick  Arches. — In  building  arches  with  bricks  of  the 
common  shape,  which  are  of  the  same  thickness  throughout 
their  length,  a  difficulty  arises  from  the  thickness  of  the 
mortar  joints  at  the  extrados  being  greater  than  at  the 
intrados,  thus  causing  settlement  and  sometimes  total 
failure.  To  obviate  this  difficulty,  it  is  usual  to  build  brick 
arches  in  separate  rings  of  the  thickness  of  half  a  brick,  hav- 
ing no  connection  with  each  other  beyond  the  adhesion  of  the 
mortar  or  cement,  except  an  occasional  course  of  headers 
where  the  joints  of  two  rings  happen  to  coincide.  There 
is,  however,  a  strong  objection  to  this  plan,  viz.,  that  if  the 
curve  of  equal  horizontal  thrust  do  not  coincide  with  the 
curvature  of  the  arch,  the  line  of  pressure  will  cross  the 
rings,  and  cause  them  to  separate  from  each  other. 

54.  The  preferable  plan  will  be,  therefore,  to  bond  the 
brickwork  throughout  the  whole  thickness  of  the  arch, 
using  either  cement  or  hard-setting  mortar,  which  will 
render  the  thickness  of  the  joints  of  comparatively  little 
importance. 

A  slow-setting  Portland  cement,  however,  should  be 
always  used  in  preference  to  the  quick-setting  quality, 
because  the  latter  sets  before  the  work  can  be  completed, 
and  in  case  of  any  settlement,  however  trifling,  taking 
place  on  the  striking  of  the  centres,  the  work  becomes 
crippled.  A  slow-sotting  cement  mortar  is  ultimately  of 
greater  strength,  and  its  slowness  in  setting  allows  the  arch 
to  adjust  itself  to  its  load,  or,  in  technical  language,  to 
take  its  bearing,  before  the  mortar  becomes  perfectly 
hard. 

55.  We  have  in  the  preceduig  remarks  considered  an 
equilibrated  arch  as  a  curved  beam,  every  part  of  which  is 
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in  a  state  of  compression ;  and,  in  an  arch  composed  of 
stone  voussoirs,  this  is  practically  the  case. 

We  may,  however,  by  the  employment  of  other 
materials,  as  cast  iron  and  timber,  construct  arches  whose 
forms  differ  very  materially  from  their  curves  of  equal 
horizontal  thrust. 

Thus  the  semicircular  arch  (Fig.  17),  which,  if  built  of 
stone  voussoirs  small  in  proportion  to  the  span  of  the  arch, 
would  fail  by  the  opening  of  the  joints  at  a  and  h,  might  be 
safely  constructed  with  cast-iron  ribs,  with  the  joints  placed 
at  c  and  d,  the  metal  at  the  points  a  and  h  being  exposed  to 
a  cross  strain  precisely  similar  to  that  of  a  horizontal  beam 
loaded  in  the  centre. 

56.  Laminated  arched  beams,  formed  of  planks  bent 
round  a  mould  to  the  required  curve  and  bolted  together, 
have  been  extensively  used  in  railway  bridges  of  large  span 
during  the  last  few  years,  and  from  their  comparative 
elasticity,  and  the  resistance  they  offer  to  both  tension  and 
compression,  are  very  well  adapted  to  structures  of  this 
kind,  which  have  to  sustain  very  heavy  loads  passing  with 
great  rapidity  over  them. 

It  is  to  be  regretted,  however,  that  the  perishable  nature 
of  the  material  does  not  warrant  their  long  duration,  not- 
withstanding every  precaution  that  can  be  taken  for  the 
preservation  of  the  timber. 

57.  Skew  Arches. — In  ordinary  cases  the  plan  of  an  arch 
is  rectangular,  the  faces  of  the  abutments  being  at  right 
angles  to  the  fronts ;  but  of  late  years  the  necessity  which 
has  arisen  on  railway  works  for  carrying  communications 
across  each  other  without  regard  to  the  angle  of  their 
intersection  has  led  to  the  construction  of  oblique  or  skew 
arches. 

58.  In  an   ordinary  rectangular  arch  each  course  is 
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parallel  to  the  abutments,  and  the  inclination  of  any  bod- 
joint  with  the  horizon  will  be  the  same  at  every  point  of  it. 
In  a  skew  arch  it  is  not  possible  to  lay  the  courses  parallel 
to  the  abutments,  for,  were  this  done,  the  thrust  being  at 
right  angles  to  the  direction  of  the  courses,  a  great  portion 
of  the  arch  on  each  side  would  have  nothing  to  keep  it 
from  falHng.  In  order  to  bring  the  thrust  into  the  right 
direction,  the  courses  must  therefore  be  laid  as  nearly  as 
possible  at  right  angles  to  the  fronts  of  the  arch  (see  Fig. 
19),  and  at  an  angle  with  the  abutments;  and  it  is  this 
which  produces  the  pecuharity  of  the  skew  arch.  The  two 
ends  of  any  course  will  then  be  at  different  heights,  and 
the  inclination  of  each  bed-joint  with  the  horizon  will 
increase  from  the  springing  to  the  crown,  causing  the  beds 


Fig.  19. 


to  be  winding  surfaces  instead  of  a  series  of  planes  as  in  a 
rectangular  arch.  The  variation  of  the  inclination  of  the 
bed- joints  is  called  the  twist  of  the  beds,  and  leads  to  many 
difficult  problems  in  stone-cutting,  the  consideration  of 
which  would  be  unsuited  to  the  elementary  character  of  this 
litttle  work. 

The  reader  who  wishes  to  pursue  the  subject  is  referred 
to  the  volume  of  this  series  "On  Masonry  and  Stone- 
Cutting." 

59.  Centering. — The  centering  of  an  arch  is  the  tempo- 
rary framework  which  supports  it  during  its  erection,  and 
is  formed  of  a  number  of  ribs  or  centres,  on  which  are 
placed  the  planks  or  laggings  on  which  the  work  is  built. 

60.  In  designing  centres,  there  are  three  essential  points 
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to  be  kept  in  view.  1st,  that  there  should  be  sufficient 
strength  to  prevent  any  settlement  or  change  of  form 
during  the  erection  of  the  arch.  2nd,  that  means  should  be 
provided  for  easing  or  lowering  the  centre  gradually  from 
under  any  part  of  the  arch.  3rd,  that,  as  the  construction 
of  centres  generally  involves  the  use  of  a  large  quantity  of 
timber  merely  for  a  temporary  purpose,  all  unnecessary 


Fig.  20. 


injury  to  it  should  be  avoided,  in  order  that  its  value  for 
subsequent  use  may  be  as  little  diminished  as  possible. 

61.  Fig.  20  represents  the  construction  of  the  centering 
used  in  the  erection  of  the  Gloucester  Over  Bridge,  de- 
signed by  Mr,  Cargill,  the  contractor,  which  fulfils  the 
above-named  conditions  in  a  very  perfect  manner  :  by  means 
of  the  striking  wedges  under  the  radiating  struts,  any  part  of 
^liese  centres  can  be  lowered  at  pleasure,  and,  from  the 
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position  of  the  struts,  there  is  no  tendency  to  alteration  in 
the  curve  from  the  undue  pressure  on  the  haunches  during 
the  erection  of  the  arch. 

62.  Centering  on  the  same  principle  as  the  above  was 
made  use  of  in  the  erection  of  the  Grosvenor  Bridge  at 
Chester,  by  Mr,  Trubshaw,  the  contractor  for  that  work. 
Instead  of  the  centres  being  made  to  rest  on  the  striking 
wedges,  however,  as  in  the  centering  for  the  Gloucester 
Bridge,  the  wedges  were  placed  under  the  laggings  them- 
selves, by  which  means  the  arch  could  be  eased  in  the  most 
gradual  manner. 


Fig.  21 


63.  Where  the  circumstances  of  the  case  do  not  admit 
of  piles  or  other  supports  being  placed  between  the  piers,  it 
becomes  necessary  to  construct  a  trussed  framing  resting 
on  the  piers,  and  of  sufficient  strength  to  support  the 
Aveight  of  the  arch.  The  tendency  of  this  form  of  centre 
to  rise  at  the  crown,  from  the  great  pressure  thrown  upon 
the  haunches  during  the  erection  of  the  arch,  renders  it 
necessary  to  weight  the  crowns  with  blocks  of  stone  until 
it  is  nearly  completed.  Centres  of  this  kind  are  always 
costly,  afford  less  facihties  for  easing,  and  are  in  every  way 
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inferior  to  those  we  have  described  as  used  at  Gloucester 
and  Chester. 

64.  Abutments. — The  tendency  of  any  arch  to  overturn 
its  abutments,  or  to  destroy 
them  by  causing  the  courses  to 
slide  over  each  other,  may  be 
counteracted  in  three  ways,  1st, 
the  arch  may  be  continued 
through  the  abutment  until  it 
rests  on  a  solid  foundation,  as 
in  Fig.  21.  2nd,  by  building 
the  abutments  so  as  to  form  a 
horizontal  arch,  the  thrust  being 
thrown  on  the  wing  walls,  which  act  as  buttresses  (Fig.  22). 
3rd,  where  neither  of  these  expedients  is  practicable,  by 
joggling  the  courses  together  with  bed-dowel  joggles,  so  as 
to  render  the  whole  abutment  one  solid  mass  (Fig.  31). 


Fig.  22. 


Fig.  23. 


65.  Wing  ^aZk— Where  the  wing  walls  of  a  bridge  are 
built  as  shown  in  Fig.  23,  the  pressure  of  the'  earth  will 
always  have  a  tendency  to  fracture  them  at  their  junction 
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with  the  abutments,  as  shown  by  the  lines  ah,  c  d.  Equal 
strength  with  the  same  amount  of  material  will  be  obtained 
by  building  a  number  of  thin  longitudinal  and  cross  walls, 
as  shown  in  Fig.  24,  by  which  means,  the  earth  being  kept 


Fig.  24. 


from  the  back  of  the  walls,  there  is  no  tendency  to  failure 
of  this  kind. 

66.  Vaulting. — The  ordinary  forms  of  vaults  may  be 
classed  under  three  heads  :  cylindrical,  coved,  and  groined. 
A  cylindrical  vault  is  simply  a  semicircular  arch,  the  ends 


Fig.  25.  Fig.  26. 


of  which  are  closed  by  upright  walls,  as  shown  in  Fig.  25. 
"When  a  vault  springs  from  all  the  sides  of  its  plan,  as  in 
Fig.  26,  it  is  said  to  be  coved.  When  two  cylindrical  vaults 
intersect  each  other,  as  in  Fig.  27,  the  intersections  of  the 
vaulting  surfaces  are  called  groins,  and  the  vault  is  said  to 
be  groined. 
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67.  In  the  Roman  style  of  architecture,  and  in  all  com- 
mon vaulting,  the  vaulting  surfaces  of  the  several  compart- 
ments are  portions  of  a  continuous  cylindrical  surface,  and 
the  profile  of  a  groin  is  simply  an  oblique  section  of  a 
semi-cylinder. 

68.  Gothic  ribbed  vaulting  is,  however,  constructed  on  a 
totally  different  principle.  It  consists  of  a  framework  of 
light  stone  ribs  supporting  thin  panels,  whence  this  mode 
of  construction  has  obtained  the  name  of  rib  and  pannel 
vaulting.  The  curvature  of  the  diagonal  ribs  or  cross 
springers,  and  of  the  intermediate  ribs,  is  not  governed  in 


any  way  by  the  form  of  the  transverse  section  of  the  vault, 
and  in  this  consists  the  peculiarity  of  ribbed  vaulting. 
This  will  be  understood  by  a  comparison  of  Figs.  27  and  28. 
For  a  description  of  the  several  varieties  of  Gothic  vaults, 
and  the  modes  of  tracing  the  curves  of  the  ribs,  the  reader 
is  referred  to  the  volume  of  this  series  on  "Masonry 
and  Stone-cutting." 

69.  Domes  are  vaults  on  a  circular  plan.  The  equili- 
brium of  a  dome  depends  on  the  same  conditions  as  that 
of  a  common  arch,  but  with  this  difference,  that,  although 
a  dome  may  give  way  by  the  weight  of  the  crown  forcing 
out  the  haunches,  failure  by  the  weight  of  the  haunches 
squeezing  up  the  crown  is  impossible,  on  account  of  the 
support  the  voussoirs  of  each  course  receive  from  each 
other. 


Fig.  27. — Roman  Vaultiug. 


Fig.  28.— Gothic  Vaulting. 


38 


RUDIMENTS  OF  THE 


MASONRY — BRICKWORK — BOND. 

70.  The  term  masonry  is  sometimes  applied  generally  to 
all  cemented  constructions,  whether  built  of  brick  or  stone ; 
but  in  England  the  use  of  the  term  is  confined  exclusively 
to  stone-work. 

71.  There  are  many  kinds  of  masonry,  each  of  which  is 
known  by  some  technical  term  expressive  of  the  manner  in 
which  the  stone  is  worked ;  but  they  may  all  be  divided 
under  three  heads. 


Fig.  29.  Fig.  30.  Fig.  31. 


Lst.  Eubble  work  (Fig.  29),  in  which  the  stones  are 
used  without  being  squared. 

2nd.  Coursed  work  (Fig.  30),  in  which  the  stones  are 
squared,  more  or  less,  sorted  into  sizes,  and  ranged  in 
courses. 

3rd.  Ashlar  work*  (Fig.  31),  in  which  each  stone  is 
squared  and  dressed  to  given  dimensions. 
72.  Different  kinds  of  masonry  are  often  united.  Thus 
a  wall  may  be  built  with  ashlar  facing  and  rubble  backing ; 

*  In  London  the  term  "ashlar"  is  commonly  applied  to  a  thin 
facing  of  stone  placed  in  front  of  brickwork  in  irregular  courses  not 
exceeding  10  inches  high. 
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and  there  are  many  gradations  from  one  class  of  masonry 
to  another,  as  coursed  rubble,  which  is  an  intermediate  step 
between  rubble  work  and  coursed  work. 

73.  In  ashlar  masonry,  the  stability  of  the  work  is  inde- 
pendent, in  ordinary  cases,  of  the  adhesion  of  the  mortar. 
Bubble  work,  on  the  contrary,  depends  for  support  in  a 
great  measure  upon  it. 

7 4.  In  dressing  the  beds  of  ashlar  work,  care  must  be 
taken  not  to  work  them  hollow,  so  as  to  throw  the  pressure 
upon  the  edges  of  the  stones,  as  this  leads  to  unsightly 
fractures,  as  b  b,  Fig,  31. 

75.  Where  there  is  a  tendency  of  the  courses  /' 
to  slide  on  each  other  from  any  lateral  pres- 
sure, it  may  be  prevented  hy  bed-doAvel  joggles, 
as  shown  at  a  a,  Fig.  31. 

7 6.  Where  the  facing  and  the  backing  of  a 
wall  do  not  contain  the  same  number  of 
courses,  as  in  the  case  of  a  brick  wall  with 
stone  facings" (Fig.  32),  the  work  will  be  liable 
to  settle  on  the  inside,  as  shown  by  the  dotted 
lines,  from  the  greater  number  of  mortar 
joints.  The  only  way  of  preventing  this  is  to  set  the  backing 
in  cement,  or  some  hard  and  quick-setting  mortar. 

77.  In  facing  brickwork  with  stone  ashlar,  the  stones 
should  be  all  truly  squared,  and  M'orked  to  sizes  that  will 
bond  with  the  brickwork.  If  this  be  neglected,  there  will 
be  numerous  vacuities  in  the  thickness  of  the  wall  (see 
Fig.  32),  and  the  facing  and  backing  will  have  a  tendency 
to  separate. 

78.  Bond,  in  masonry,  consists  in  the  placing  of  the 
stones  in  such  relative  positions  that  no  joint  in  any  course 
shall  be  in  the  same  plane  with  any  other  joint  in  the  course 
immediately  above  or  below  it.    This  is  called  breaking  joint. 
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79.  Stoiies  placed  lengthwise  in  any  work  afe  Called 
stretchers,  and  those  placed  in  a  contrary  direction  are  called 
lieaders.  When  a  header  extends  throughout  the  whole 
thickness  of  a  wall,  it  is  called  a  through. 

80.  There  are  two  kinds  of  bond  made  use  of  by  brick- 
layers, called  respectively  English  bond  and  Flemish  bond.  In 
the  first  the  courses  are  laid  alternately  with  headers  and 
stretchers  (Fig.  33);  in  the  second,  the  headers  and 
stretchers  alternate  in  the  same  course  (Fig.  34),  This  is 
considered  to  have  the  neatest  appearance  :  but,  as  the 
number  of  headers  required  is  fewer  than  in  English  bond, 
there  is  not  so  much  lateral  tie,  and  on  this  account  it  is 
considered  to  be  much  inferior  to  it  in   strength.  A 


Fig.  33.  Fig.  34. 

common  practice,  which  cannot  be  too  much  reprobated, 
is  that  of  building  brick  walls  with  two  qualities  of  bricks, 
without  any  bond  between  them,  the  headers  of  the  facing 
bricks  being  cut  in  two  to  save  the  better  material, 
thus  leaving  an  upright  joint  between  the  facing  and 
backing. 

81.  In  building  upright  walls  which  have  to  sustain  a 
vertical  pressure,  three  leading  principles  must  be  kept  in 
view. 

1.  Uniformity  of  construction  throughout  the  whole 
thickness. 

2.  The  bonding  of  the  work  together. 

3.  The  proper  distribution  of  the  load. 

82.  Uniformity  of  Con3truciion.--^WQ  have  already  spoken 
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of  the  danger  arising  from  the  backing  of  a  wall  containing 
more  compressible  material  than  the  facing  ;  but  it  cannot 
be  too  often  repeated,  that  in  all  building  operations  it  is 
not  the  amount,  but  the  irregularity  of  settlement  which  is 
so  dangerous.  Thus  a  rubble  wall,  with  proper  care,  may 
be  carried  up  to  a  great  height,  and  bear  safely  the  weight 
of  the  floors  and  roof  of  a  large  building,  whilst  a  wall 
built  of  bricks  and  mortar,  and  faced  with  dressed  ashlar, 
will,  under  similar  circumstances,  be  fractured  from  top  to 
bottom,  from  the  difference  in  settlement  of  the  facing  and 
backing. 

It  is  a  common  but  vicious  practice  to  build  the  ends  of 
joists  and  other  timbers  into  the  walls,  and  to  rest  the 
superincumbent  work  upon  them.  This  is  liable  to  lead  to 
settlements  from  the  shrinking  of  the  timber,  and  should 
always  be  guarded  against  by  leaving  proper  recesses  for 
the  ends  of  the  timbers,  so  that  the  strength  of  the  masonry 
or  brickwork  shall  be  quite  independent  of  any  support 
from  them. 

83.  Bond. — In  addition  to  the  bonding  together  of  the 
materials  above  described,  a  further  security  against  irre- 
gular settlement  is  usually  provided  for  brick  walls  in  the 
shape  of  ties  of  timber,  called  bund,  which  are  cut  of  the 
depth  and  thickness  of  a  brick,  and  built  into  the  work. 
There  is,  however,  a  great  objection  to  the  use  of  timber  in 
the  construction  of  a  wall,  as  it  shrinks  away  from  the  rest 
of  the  work,  and  often  endangers  its  stability  by  rotting. 

84.  Instead  of  bond  timbers,  hoop-iron  bond  is  now  very 
generally  used.  This  is  formed  of  iron  hooping,  tarred,  to 
protect  the  iron  from  contact  with  the  mortar,  and  laid  in 
the  thickness  of  the  mortar  joints.  This  forms  a  very  per- 
fect longitudinal  tie,  and  has  all  the  advantages,  with  none 
of  the  disadvantages,  of  bond  timbers. 
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85.  Distribution  of  the  Load. — It  is  always  advisable,  when 
a  heavy  load  has  to  be  supported  on  a  few  points,  as  in  the 
case  of  a  large  floor  resting  on  girders,  to  bring  the  weight 
as  nearly  as  possible  on  the  centre  of  the  wall,  and  to  dis- 
tribute it  over  a  large  bearing  surface,  by  stone  bonding 
through  its  whole  thickness  ;  this  arrangement  is  shown  in 
Figs.  35  and  36  ;  and  where  a  greater  spread  is  required 
shallow  and  wide  iron  or  steel  girders  are  built  into  the 
wall,  and  the  ends  of  the  carrying  girder  rest  on  the  centre 
of  these  girder  wall  plates.  A  suitable  and  strong  bond,  in 
which  the  brick  or  stone  walls  are  built,  should  there  dis- 
tribute the  weight  over  the  whole  wall. 


Pig.  35.  Fig.  36. 


86.  It  is  of  importance  in  designing  buildings  to  arrange 
the  apertures  for  doors,  windows,  &c.,  in  the  different  floors, 
so  that  openings  shall  be  over  openings,  and  piers  over 
piers ;  if  this  be  not  attended  to,  it  is  scarcely  possible  to 
prevent  settlements.  In  addition  to  this,  as  the  pressure 
on  the  foundations  will  be  greatest  under  the  piers,  it  is 
desirable  to  connect  these  with  inverted  arches,  by  which 
means  the  weight  is  distributed  equally  over  the  whole 
surface  of  the  foundations. 

87.  All  openings  in  walls  for  doors,  windows,  gateways, 
&c.,  should  be  arched  over  throughout  the  whole  thickness 
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of  the  walls  in  which  they  occur  ;  and  wooden  lintels  and 
bressummers  should  only  be  introduced  as  ties  to  counter- 
act the  thrust  of  the  arches,  and  as  attachments  for  the 
internal  finishings. 

88.  Bressummers  of  solid  or  flitched  wood,  or  steel  joists 
or  compounds  are  used  to  support  the  main  and  other  walls 
of  buildings  over  large  openings,  such  as  shop  windows,  etc. 
Care  should  be  taken  that  the  piers  supporting  the  ends  of 
these  bressummers  are  of  sufficient  sectional  area  and  built 
with  perfectly  true  beds  in  cement  to  carry  the  weights 
without  causing  settlements.  In  case  of  fire  the  solid  wood 
beams  will  be  found  to  cause  least  harm  as  they  only  char, 
and  if  large  enough,  leave  a  good  solid  baulk  after  the  fire. 
The  flitches  will  not  be  so  good,  as  there  is  a  greater  sur- 
face to  be  charred,  and  the  steel  plate  and  bolts  will  buckle. 
The  steel  girders  will  be  found  to  have  suffered  most,  as 
under  heat  they  expand,  twist,  and  buckle,  often  causing 
the  walls  to  collapse,  and  for  this  reason  it  is  always  advis- 
able to  encase  or  otherwise  protect  the  steel  against  the 
flame. 

PARTITIONS. 

89.  The  partitions  forming  the  interior  divisions  of  a 
building  may  be  either  solid  walling  of  brick  or  stone,  or 
they  may  be  constructed  entirely  of  timber,  or  they  may  be 
frames  of  timber  filled  in  with  masonry  or  brickwork. 

It  will  always  be  best,  both  for  durability  and  security 
against  fire,  to  make  the  partitions  of  solid  walling ;  though 
this  is  not  always  practicable,  and,  in  the  erection  of 
dwelling  houses,  they  are  for  the  most  part  made  of  timber, 
but  the  cheapness  and  adaptability  of  iron  or  steel  joists  has 
rendered  the  employment  of  brick  or  stone  solid  walls  more 
general  in  better  class  dwellings,  for  it  is  now  very  easy  to 
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obtain  girders  to  carry  walls  over  any  space,  and  conse- 
quently the  modern  architect  is  not  so  bound  down  to 
arrange  his  rooms  so  that  the  walls  of  upper  rooms  come 
immediately  over  those  of  the  rooms  below. 

The  principles  to  be  kept  in  view  in  the  construction  of 
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rig.  37. 

framed  timber  partitions  are  very  simple.  Care  must  be 
taken  to  avoid  any  settlement  from  cross  strain,  and  they 
should  not  in  any  way  depend  for  support  upon  subordinate 
parts  of  the  construction,  but  should  form  a  portion  of  the 
main  carcase  of  the  building,  and  be  quite  independent  of 


AUT  OF  BUILDING. 


45 


the  floors,  which  should  not  support,  but  should  be  supported 
by  them. 

Where  a  partition  extends  through  two  or  more  stories 
of  a  building,  it  should  be  as  much  as  possible  a  continuous 
piece  of  framing,  with  strong  sills  at  proper  heights  to  sup- 
port the  floor  joists. 

Where  openings  occur,  as  for  folding  doors,  or  where 
a  partition  rests  on  the  ends  of  the  sill  only,  it  should  be 
strongly  trussed,  so  that  it  is  as  incapable  of  settlement  as 
the  walls  themselves.  From  want  of  attention  to  these 
points,  we  frequently  see  in  dwelling-houses  floors  which 
have  sunk  into  curved  lines,  doors  out  of  square,  cracked 
ceilings  and  broken  cornices,  and  gutters  that  only  serve  to 
conduct  the  roof  water  to  the  interior  of  the  building,  to 
the  injury  of  ceilings  and  walls,  and  the  great  discomfort 
of  its  inmates.  The  above  remarks  will  be  better  under- 
stood by  a  study  of  Fig.  37,  which  is  an  example  of  a  framed 
partition  extending  through  three  stories  of  a  dwelling- 
house. 

FLOORS. 

90.  The  assemblage  of  timbers  forming  any  naked  floor- 
ing may  be  either  single  or  double.  Single  flooring  is 
formed  with  joists  reaching 
from  wall  to  wall,  where 
they  rest  on  plates  of  timber 
built  into  the  brickwork, 
as  in  Fig.  38.  The  floor 
boards  are  nailed  over  the 

upper  edges  of  the  joists,  ss.-Single  flooring, 

whose  lower  edges  receive 

the  lathing  and  plastering  of  the  ceilings.  Double  flooi's 
are  cohstructed  with  stout  binding  ioists,  a  few  feet  apart 
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reaching  from  wall  to  wall,  and  supporting  ceiling  joists 
which  carry  the  ceiling ;  and  bridging  joists,  on  which  are 
nailed  the  floor  boards  (Fig.  39.) 


Fig.  39.— Double  flooring. 


In  double-framed  flooring,  the  binders,  instead  of  resting 
in  the  walls,  are  supported  on  girders,  as  shown  in  Fig.  40. 


Fig.  40.— Double  framed  flooring. 


Single  flooring  is,  in  many  respects,  inferior  to  double 
flooring,  being  liable  to  sag,  or  deflect,  so  as  to  make  the 
floor  concave,  and  the  vibration  of  the  joists  occasions  in- 
jury to  the  ceilings,  and  also  shakes  the  walls.    In  double 
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flooring  the  stiffness  of  the  binders  and  girders  prevents 
both  deflection  and  vibration,  and  the  floors  and  ceilings 
hold  their  lines,  that  is,  retain  their  intended  form  much 
better  than  in  single  flooring. 

91.  The  joists  in  a  single  floor  are  usually  laid  on  a  plate 
built  into  the  wall,  as  shown  in  Fig.  38  ;  it  is,  however,  pre- 
ferable to  rest  the  plate  on  projecting  corbels,  which  pre- 
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Fig.  41. 
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Fig.  43. 
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vents  the  wall  being  crippled  in  any  way,  by  the  insertion 
of  the  joists.  The  plates  of  basement  floors  are  best  sup- 
ported on  small  piers  carried  up  from  the  footings  or  on 
corbelhng.  This  is  an  important 
point  to  be  attended  to,  as  the 
introduction  of  timber  into  a  wall 
is  nowhere  likely  to  be  produc- 
tive of  such  injurious  effects  as 
at  the  foundations,  where,  from 
damp  and  imperfect  ventilation, 
all  wood-work  is  liable  to  speedy 
decay. 

The  ends  of  all  girders  should 
rest  in  recesses,  formed  as  shown  in  Figs.  35  and  36,  and 
with  a  space  for  the  free  circulation  of  air  round  the  timber, 
which  is  one  of  the  best  preventives  of  decay. 

The  manner  in  which  ceiling  joists  and  bridging  joists 
are  framed  to  the  binders,  and  these  latter  tenoned  into 
the  girders,  is  shown  in  Figs.  41,  42,  43,  and  44. 


Fig.  44. 
a  a,  bridging  joists ; 
b  b,  ceiling  joists ;  e,  girder. 
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92.  The  scarcity  of  good  timber  and  the  adaptability, 
combined  with  increased  strength  at  reasonable  expense, 
of  steel  joists,  has  led  to  the  substitution  of  steel  joists  in 
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Fig.  45. 

lieu  of  wood,  double  floors  being  treated  as  Fig.  45  and 
framed  floors  as  Fig.  46. 


TO  FORM  BEAM 


Fig.  46. 
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HOOFING. 

93.  In  roofs  of  the  ordinary  construction,  the  roof  cover- 
ing is  laid  upon  rafters  supported  by  horizontal  purlins, 
which  rest  on  upright  trusses  or  frames  of  timber,  placed 
on  the  walls  at  regular  distances  from  each  other.  Upon 
the  framing  of  the  trusses  depends  the  stability  of  the  roof, 
the  arrangement  of  the  rafters  and  purlins  being  subordi- 
nate matters  of  detail.  The  timbering  of  a  roof  may  be 
compared  to  that  of  a  double-framed  floor,  the  trusses  of 
the  former  corresponding  to  the  girders  of  the  latter,  the 
purlins  to  the  binders,  and  the  rafters  to  the  joists. 

Timber  roofs  may  be  divided  under  (1st)  Those  which 
exert  merely  a  vertical  pressure  on  the  walls  on  which  they 
rest;  (2nd)  Those  in  which  advantage  is  taken  of  the 


Fig.  47. 

strength  of  the  walls  to  resist  a  side  thrust,  as  in  many  of 
the  Gothic  open  timbered  roofs. 

94.  Trussed  Boofs,  exeiiing  no  Side  Thrust  on  the  Walls. — 
In  roofs  of  this  kind  each  truss  consists  essentially  of  a 
pair  of  principal  rafters  or  principals,  and  a  horizontal  tie 
heain,  and  in  large  roofs  these  are  connected  and  strength- 
ened by  king  and  q-ueen  posts  and  struts  (see  Figs.  48,  49). 

Fig.  47  shows  a  very  simple  truss  in  which  the  tie  is 
above  the  bottom  of  the  feet  of  the  principals,  which  is 
often  done  in  small  roofs  for  the  sake  of  obtaining  height. 
The  tie  in  this  case  is  called  a  collar.  The  feet  of  both 
common  and  principal  rafters  rest  on  a  wall  plate.  The 
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purlins  rest  on  the  collar,  and  the  common  rafters  butt 
against  a  ridge  running  along  the  top  of  the  roof.  ,This 
kind  of  truss  is  only  suited  to  very  small  spans,  as  there  is 
a  cross  strain  on  that  part  of  the  principals  below  the  collar 
which  is  rendered  harmless  in  a  small  span  by  the  extra 
strength  of  the  principals,  but  which  in  a  large  one  would 
be  very  likely  to  thrust  out  the  walls, 

95.  In  roofs  of  larger  span  the  tie  beam  is  placed  below 
the  feet  of  the  principals,  which  are  tenoned  into,  and 
bolted  to  it.  To  keep  the  beam  from  sagging,  or  bending 
by  its  own  weight,  it  is  suspended  from  the  head  of  the 


Fig.  48. 


principals  by  a  king  post  of  Avood  or  iron.  The  lower  part 
of  the  king  posts  affords  abutments  for  struts  supporting  the 
principals  immediately  under  the  purlins,  so  that  no  cross 
strain  is  exerted  on  any  of  the  timbers  in  the  truss,  but 
they  all  act  in  the  direction  of  their  length,  the  principals 
and  struts  being  subjected  to  compression,  and  the  king 
post  and  tie  beam  to  tension.  Fig.  48  shows  a  sketch  of  a 
king  truss.  The  common  raftei-s  butt  on  a  fole  plate,  the 
tie  beams  resting  either  on  a  continuous  plate,  or  on  short 
templates  of  wood  or  stone. 

96.  Where  the  span  is  considerable,  the  tie  beam  is  sup- 
ported at  additional  points  by  suspension  pieces  called 
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queen  posts  (Fig.  49),  from  the  bottom  of  which  spring 
additional  struts;   and,  by  extending  this  principle  ad 


Fig.  49. 


infinitum,  we  might  construct  a  roof  of  any  span,  were  it 
not  that  a  practical  limit  is  imposed  by  the  nature  of 
the  materials.    Sometimes  roofs  are  constructed  without 
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king  posts,  the  queen  posts  being  kept  apart  by  a  straining 
piece.    This  construction  is  shown  in  Fig.  50,  which  shows 
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the  design  of  the  old  roof  (now  destroyed)  of  the  church  of 
St.  Paul,  outside  the  walls,  at  Eome.  This  truss  is  in- 
teresting from  its  early  date,  having  been  erected  about  400 
years  ago ;  the  trusses  are  in  pairs,  a  king  post  being  keyed 
in  between  each  pair  to  support  the  tie  beams  in  the 
centre. 

97.  Of  late  years  iron  and  steel  have  quite  superseded 
wood  as  a  material  for  the  trusses  of  large  roofs,  the  tie 
beams  and  suspending  pieces  being  formed  of  light  rods 
or  bars,  and  the  principals  and  struts  of  rolled  T  or  angle 
iron,  to  which  sockets  are  riveted  to  receive  the  purlins. 


Fig.  51. 


The  iron  roofs  of  the  new  Houses  of  Parliament  at 
Westminster  are  admirable  examples  of  this  mode  of  con- 
struction. The  principle  of  the  trussing  of  the  roof  over 
the  House  of  Peers  is  shown  in  Fig.  51.  The  tie  beam  and 
suspension  rods  are  of  fiat  bar  iron,  the  principal  and 
common  rafters  are  of  rolled  T  iron,  the  struts  and  purlins 
are  of  cast  iron,  and  the  whole  is  fitted  together  with  cast- 
iron  shoes. 

98.  The  great  novelty  In  the  construction  of  the  roofs 
just  mentioned  consist  in  their  covering,  which  is  formed 
of  galvanized  sheets  of  cast  iron,  lapping  over  each  other 
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at  the  joints,  and  forming  a  very  perfect  and  water-tight 
covering,  which  is  at  the  same  time  perfectly  fire-proof, 
and  not  liable  to  be  affected  by  exposure  to  the  atmo- 
sphere. 

99.  The  largest  roof  ever  executed  in  one  span  is  that  of 


Fig.  52. 


the  Imperial  Riding-House  at  Moscow,  built  in  1790,  of 
which  the  span  is  235  ft.  (Fig.  52).  The  principal  feature 
in  this  roof  is  an  arched  beam,  the  ends  of  which  are  kept 
from  spreading  by  a  tie  beam,  the  two  being  firmly  con- 
nected by  suspension  pieces  and  diagonal  braces:  the 
arched  beam  (Fig.  53)  is  formed  of  three  thicknesses  of 
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timber,  notched  out  to  prevent  their  sliding  on  each  other, 
— a  method  which  is  objectionable  on  account  of  the 
danger  of  the  splitting  of  the  timber  under  a  considerable 
strain. 

J 00,  The  principle  of  the  how  suspension  truss,  as  this 
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system  of  trussing  is  called,  has  been  much  used  within 
the  last  few  years  for  railway  bridges  and  similar  works. 
One  of  the  best  executed  works  of  this  kind,  is  a  bridge 
over  the  River  Ouse,  near  Downham  Market,  in  Norfolk, 
on  the  line  of  the  Lynn  and  Ely  Railway,  the  trusses  of 
which  are  120  ft.  span. 

101.  Roofs  on  the  principle  of  the  Arch—In  the  16th 
century,  Philibert  de  Lorme,  a  celebrated  French  architect, 
published  a  work  in  which  he  proposed  to  construct  roofs 
and  domes  with  a  series  of  arched  timber  ribs  in  place  of 
trusses,  these  ribs  being  formed  of  planks  in  short  lengths, 
placed  edgewise,  and  bolted  together  in  thicknesses,  break- 
ing joint  (Fig.  54).  This  mode  of  construction  has  been 
more  or  less  used  ever  since  the  time  of  its  author.  An 


Fig.  54. 


instance  of  its  successful  application  on  a  large  scale  was 
the  original  dome  of  the  Halle  au  B16,  at  Paris,  120  feet  in 
diameter,  built  by  Messrs.  Legrand  and  Molino.  This  roof 
has  since  been  replaced  by  an  iron  one,  the  original  dome 
having  been  destroyed  by  fire. 

The  roof  of  the  central  compartment  of  the  Pantheon 
Bazaar  in  Oxford  Street,  London,  38  ft,  span,  is  another 
very  elegant  example. 

102.  There  are,  however,  some  great  disadvantages  con- 
nected with  this  system.  There  is  considerable  waste  of 
material;  the  labour  is  great  as  compared  with  roofs  of 
similar  span  of  the  ordinary  construction ;  and,  as  the 
chief  strength  of  the  rib  depends  upon  the  lateral  cohesion 
of  the  fibres  of  the  wood,  it  is  necessary  to  provide  such 
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an  amount  of  surplus  strength  as  shall  insure  it  against  the 
greatest  cross  strain  to  which  it  can  be  exposed  from  violent 
winds  or  otherwise. 

103.  Struck  by  these  disadvantages,  Colonel  Emy,  a 
French  military  engineer,  proposed,  in  1817,  an  improve- 
ment on  the  system  of  Philibeit  de  Lorme,  which  was  pre- 


Fig.  55. 


cisely  the  laminated  arched  rib  so  much  in  use  at  the 
present  day.  It  was  not  until  1825  that  he  obtained  per- 
mission to  put  his  design  into  execution  in  the  erection  of 
a  large  roof  65  ft.  span  at  Marac,  near  Bayonne  (Fig  55). 
The  ribs  in  this  roof  are  formed  of  planks  bent  round  on 
templets  to  the  proper  curve,  and  kept  from  separating 
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by  iron  straps,  and  also  by  the  radiating  struts  which 
are  in  pairs,  notched  out  so  as  to  clip  the  rib  between 
them. 

The  principle  of  the  roof  is  exceedingly  good.  The 
principals,  wall-posts,  and  arched  rib,  form  two  triangles, 
firmly  braced  together,  and  exerting  no  thrust  on  the  walls  ; 
and  the  weight  of  the  whole  roof  being  thrown  on  the 
walls  at  the  feet  of  the  ribs,  and  not  at  the  pole  plate,  the 
walls  are  not  tried  by  the  action  of  a  heavy  roof,  and  the 
consequent  saving  in  masonry  is  very  great.* 

The  great  difference  in  principle  between  the  arched  rib 
of  Philibert  de  Lorme,  and  the  laminated  rib  of  Colonel 
Emy,  is,  that  in  the  latter  the  direction  of  the  fibre  of  the 
wood  coincides  with  the  curvature  of  the  rib;  and,  as  a 
consequence  of  this,  the  joints  are  much  fewer ;  the  rib 
possesses  considerable  elasticity,  so  as  slightly  to  yield 
rather  than  break  under  any  violent  strain  ;  and,  from  the 
manner  in  which  the  planks  are  bolted  together,  it  is  im- 
possible for  the  rib  to  give  way,  unless  the  force  applied  be 
sufficient  to  crush  the  fibres. 

The  principle  of  the  laminated  arched  rib  was  first  applied 
in  England  in  1837  by  the  Messrs.  Green  of  Newcastle,  by 
whom  it  has  been  extensively  used  in  the  erection  of  railway 
bridges. 

104.  Gothic  Hoofs. — The  open  timber  roofs  of  the  middle 
ages  come,  for  the  most  part,  under  the  second  class,  viz., 
those  which  exert  more  or  less  thrust  upon  the  walls, 
although  there  are  many  fine  examples  in  which  this  is  not 
the  case. 

We  propose  to  describe  the  piincipal  varieties  of  these 
roofs,  without  reference  either  to  their  decorative  details 

*  See  Tredgold's  "Carpentry,"  revised  by  E.  Wyndham  Tarn 
(Quarto ;  Crosby  Lockwood  &  Son,  London), 
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or  to  their  chronological  arrangement,  our  object  here 
being  simply  to  explain  the  principles  on  which  they  were 
constructed, 

105.  Fig  56,  which  is  a  section  of  the  parish  church  of 


10        5        0  yo 


Fig.  56. 


Ohaldon,  near  Merstham  in  Surrey,  shows  a  system  of 
roofing  formerly  very  common.  This  may  be  compared  to 
single  flooring,  as  there  are  no  principals, 
purlins,  or  even  ridge.  It  is  a  defective  form 
of  roof,  as  the  rafters  have  a  tendency  to 
spread  and  thrust  out  the  walls.  In  the 
example  before  us,  this  effect  has  been  pre- 
vented by  the  insertion  of  tie  beams,  from 
which  the  collars  have  been  propped  up 
(Fig.  57),  thus,  in  fact,  balancing  the  roof 
on  the  centres  of  the  collars,  which  are  in 
consequence  violently  strained. 

106.  After  the  introduction  of  the  4-centred  arch,  a  great 


Fig.  67. 
a,  post ;   b,  sill 
c  e,  struts. 
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many  church  roofs  of  the  construction  just  described  were 
altered,  as  shown  by  the  dotted  lines  in  Fig.  58,  in  order  to 
obtain  more  light  by  the  introduction  of  clerestory  windows 

over  the  nave  arches.  The 
flat  roofs  which  superseded  the 
former  ones  were  often  formed 
without  any  truss  whatever, 
being  simply  an  arrangement 
of  main  beams,  purlins,  and 
rafters,  precisely  similar  to  a 
double-framed  floor,  with  the 
Fig.  58.  difference  only  that  the  main 

beams,  instead  of  being  per- 
fectly straight,  were  usually  cut  out  of  crooked  timber  so  as 
to  divide  the  roof  into  two  inclined  planes. 

To  throw  the  weight  of  the  roof  as  low  down  as  possible, 
the  ends  of  the  main  beams  are  often  supported  on  upright 
posts  placed  against  the  walls  and  resting  on  projecting 
corbels,  the  wall  posts  and  beams  being  connected  by  struts 
in  such  a  way  that  deflection  in  the  centre  of  the  beam 
cannot  take  place,  unless  the  load  be  sufficient  to  force  out 
the  walls,  as  shown  by  the  dotted  lines  in  Fig.  59.  The 
struts  are  often  cut  out  of  stout  plank,  forming  solid  span- 
drils,  the  edges  of  which  are  moulded 
to  suit  the  profile  of  the  main  beam 
(see  Fig.  60),  which  also  shows  the 
manner  of  securing  the  struts  to  the 
wall  posts  and  to  the  beam  with  tongues 
and  wooden  pins.    A  very  good  ex-  59^ 
ample  of  this  construction  is  shown  in 
Fig.  61,  which  is  from  West  Bridgeford  Church,  Notting- 
hamshire.   There  are  many  very  beautiful  examples  re- 
maining in  different  parts  of  the  country. 
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107.  A  somewhat  similar  construction  to  that  last  des- 


Fig.  60. 

cribed  is  shown  in  Fig.  62,  in  which  principals  are  intro- 


Fig.  61. 

duced,  strutted  up  from  the  main  beam,  so  as  to  give  a 
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greater  slope  to  the  roof  than  could  well  be  obtained  with  a 
single  beam. 

108.  Fig.  63  exhibits  a  construction  often  to  be  met  with, 
which,  in  general  appearance,  resembles  a  trussed  king  post 
roof,  but  which  is  in  reality  very  different,  the  tie  beam 
being  a  strong  girder  supporting  the  king  post,  which, 
instead  of  serving  to  suspend  the  tie  beam  from  the  prin- 
cipals, is  a  prop  to  the  latter.  In  this  and  the  previous 
example,  any  tending  to  deflection  of  the  tie  beam  is  pre- 
vented by  struts  :  the  weight  of  the  roof  is  thrown  by 
means  of  wall  posts  considerably?  below  the  feet  of  the 
rafters,  so  that  the  weight  of  the  upper  part  of  the  wall  is 
made  available  to  resist  the  thrust  of  the  struts. 


Fig.  62.  Fig.  63, 


109.  The  roofs  we  have  been  describing  are  not  to  be 
recommended  as  displaying  any  great  amount  of  construc- 
tive skill.  Indeed,  although  they  answer  very  well  for 
small  spans  with  timbers  of  large  scantling  and  side  walls 
of  sufficient  thickness  to  resist  a  considerable  thrust,  they 
are  totally  unsuited  to  large  spans,  and  are  in  every  way 
inferior  to  trussed  roofs. 

The  above  remarks  do  not  apply  to  the  high  pitched 
roofs  of  the  large  halls  of  the  fifteenth  and  sixteenth  cen- 
turies, which,  for  the  most  part,  are  trussed  in  a  very  per- 
fect manner,  so  as  to  exert  no  thrust  upon  the  walls ; 
although,  in  some  instances,  as  at  Westminster  Hall,  the^ 
depend  upon  the  latter  for  support, 
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The  general  design  of  these  roofs  is  shown  in  Figs.  64 
and  65.  The  essential  parts  of  each  truss  are,  a  pair  of 
principals  connected  by  a  collar  or  wind  beam,  and  two 


Fig.  64. 


hammer  beams,  with  queen  posts  over  them,  the  whole 
forming  three  triangles,  which,  if  not  secured  in  their 
relative  positions,  otherwise  than  by  the  mere  transverse 
strength  of  the  principals,  would  turn  on  the  points  c  c 


Fig.  65. 


(Fig.  65),  the  weight  of  the  roof  thrusting  out  the  walls  in 
the  manner  shown  in  the  figure.  There  are  two  ways  in 
which  a  truss  of  this  kind  may  be  prevented  from  spreading. 
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1st.  The  ends  of  the  hammer  beams  may  be  con- 
nected with  the  collar  by  tension  pieces,  a  a  (Fig.  64),  by 
which  the  thrust  on  the  walls  will  be  converted  into  a 
vertical  pressure.  2nd.  The  hammer  beams  may  be  kept 
in  their  places  by  struts,  b  b,  the  walls  being  made  suffi- 
ciently strong  by  buttresses,  or  otherwise,  to  resist  the 
thrust. 

In  existing  examples,  we  find  sometimes  one  and  some- 


Tig.  66. 


times  the  other  of  these  plans  followed ;  and  occasionally 
both  methods  are  combined  in  such  a  manner  that  it  i& 
often  difficult  to  say  what  parts  are  in  a  state  of  com- 
pression, and  what  are  in  a  state  of  tension. 

110.  The  roof  of  the  great  hall  at  Hampton  Court  (Fig, 
66)  is  very  strong,  and  so  securely  tied,  that  were  the- 
bottom  struts,  b  b,  removed,  there  would  be  little  danger  of 
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the  principals  thrusting  out  the  walls;  and,  on  the  other 
hand,  from  the  weight  of  the  roof  being  carried  down  to  a 
considerable  distance  below  the  hammer  beams  by  the  wall 
posts,  the  walls  themselves  offer  so  much  resistance  to  side 
thrust,  that  there  would  be  no  injurious  strain  on  them 
were  the  tension  pieces,  a  a,  removed. 

111.  The  construction  of  the  roof  of  the  hall  at  Eltham 
Palace,  Kent  (Fig.  67),  differs  very  considerably  from  that 
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Fig.  67. 


of  the  Hampton  Court  roof.  The  whole  weight  is  thrown 
on  the  top  of  the  wall,  and  the  bottom  pieces,  h  h,  are 
merely  ornamental,  the  tension  pieces,  a  a,  forming  a  com- 
plete tie.  This  has  been  shown  by  a  partial  failure  which 
has  taken  place.  The  wall  plates  having  become  rotten  in 
consequence  of  the  gutters  being  stripped  of  their  lead,  the 
weight  has  been  thrown  on  the  pseudo  struts,  which  have 
bent  under  the  pressure,  and  forced  out  the  upper  portion 
of  the  walls. 
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112.  The  roof  of  Westminster  Hall  (Fig.  68)  is  one  of 
the  finest  examples  now  existing  of  open  timbered  roofs. 


Pig.  68. 


The  peculiar  feature  of  this  roof  is  an  arched  rib  in  three 
thicknesses,  something  on  the  principle  of  Philibert  de 
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Lorme  ;  but  it  is  so  slight,  compared  with  the  great  span, 
that  it  is  probable  in  designing  the  roof  the  architect  took 
full  advantage  of  the  support  afforded  by  the  thickness  of 
the  walls  and  the  buttresses ;  if,  indeed,  the  latter  were  not 
added  at  the  time  the  present  roof  was  erected,  in  1395. 
It  has  been  ascertained  that  the  weight  of  the  roof  rests 
on  the  top  of  the  walls,  the  lower  part  of  the  arched  rib 
only  serving  to  distribute  the  thrust,  and  to  assist  in  pre- 
venting the  hammer  beams  from  sliding  on  the  walls. 

113.  The  mediaeval  architects  generally  employed  oak  in 
the  construction  of  their  large  roofs,  the  timbers  being 
morticed  and  pinned  together,  as  shown  in  Fig.  60.  This 
system  of  construction  is  impossible  in  fir  and  other  soft 
woods,  in  which  the  fibres  have  little  lateral  cohesion,  as 
the  timber  would  split  with  the  strain ;  and  therefore,  in 
modern  practice,  it  is  usual  to  secure  the  connections  with 
iron  straps  or  bolts  passing  round  or  through  the  whole 
thickness  of  the  timbers. 

ROOF  COVERINGS. 

114.  The  different  varieties  of  roof  coverings  principally 
used  may  be  classed  under  three  heads  :  stone,  wood,  and 
metal. 

Of  the  first  class,  the  best  kind  is  slate,  which  is  used 
either  sawn  into  slabs  or  split  into  thin  laminae.  The  dif- 
ferent sizes  of  roofing  slate  in  common  use  are  given  in  the 
description  of  Slaters'  Work,  article  234. 

In  many  parts  of  the  country  thin  slabs  of  stone  are  used 
in  the  same  way  as  roofing  slate.  In  the  Weald  of  Sussex 
the  stone  found  in  the  locality  is  much  used  for  this  pur- 
pose, but  it  makes  a  heavy  covering,  and  requires  strong 
timbers  to  support  it. 

115.  Tiles  are  of  two  kinds  :  plain  tiles,  which  are  quite 
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flat ;  and  pantiles,  which  are  of  a  curved  shape,  and  lap  over 
each  other  at  the  sides.  Eacli  tile  has  a  projecting  ear  on 
its  upper  edge,  by  which  it  is  kept  in  its  place.  Sometimes 
plain  tiles  are  pierced  with  two  holes,  through  which  oak 
pins  are  thrust  for  the  same  purpose. 

116.  Wooden  coverings  are  little  used  at  the  present  day, 
except  for  temporary  purposes ;  shingles  of  split  oak  were 
formerly  much  used,  and  may  still  be  seen  on  the  roofs  of 
some  country  churches. 

117.  Metallic  Coverings. — The  metals  used  for  roof  cover- 
ings are  lead,  zinc,  copper,  and  iron. 

118.  Lead  is  one  of  the  most  valuable  materials  for  this 
purpose  on  account  of  its  malleability  and  durability,  the 
action  of  the  atmosphere  having  no  injurious  effect  upon  it. 
Lead  is  used  for  covering  roofs  in  sheets  weighing  from  4  to 
8  lbs.  per  sup.  foot. 

119.  Copper  is  used  for  covering  roofs  in  thin  sheets 
weighing  about  16  oz.  per  sup.  foot,  and  from  its  lightness 
and  hardness  has  some  advantages  over  lead  ;  but  the  ex- 
pense of  the  metal  effectually  precludes  its  general  adoption. 

120.  Zinc  has  of  late  years  superseded  both  lead  and 
copper  to  a  considerable  extent  as  roof  coA^erings.  It  is  used 
in  sheets  weighing  from  12  oz.  to  20  oz.  per  sup.  foot.  It 
is  considered  an  inferior  material  to  those  just  named  ;  but 
its  lightness  and  cheapness  are  great  recommendations, 
and  the  manufacture  has  been  much  improved  since  its  first 
introduction. 

121.  Asphalte,  a  mastic  bitunienous  limestone,  is  much 
used  for  coverings  to  flat  roofs  and  verandahs  ;  it  can  be 
applied  on  a  cement  screed  on  concrete,  or  on  felt  laid  on 
boarding,  and  it  is  a  valuable  material,  as  it  is  said  to  be  frost 
and  fire  proof,  in  addition  to  damp  proof.  Vulcanite  is  a 
substitute  for  asphalte. 
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122.  All  metallic  coverings  are  subject  to  contraction  and 
expansion  with  the  changes  of  the  temperature,  and  great 
care  is  requisite  in  joining  the  sheets  to  make  them  lap 
over  each  other,  so  as  to  make  the  joints  water-tight,  with- 
out preventing  the  play  of  the  metal.  Tiles  are  non- 
conductors of  heat  and  cold,  and  slates  have  the  opposite 
effect. 

The  following  table  of  the  comparative  weights  of  different 
roof  coverings  may  be  useful  : — 

Cwts.  qrs.  lbs. 


Plain  tiles,  per  square  of  100  ft.  sup.        .       .  18    0  0 

Pantiles   9    2  0 

Slating,  an  average   7    0  0 

Lead,  7  lb.  to  the  sup.  foot       .       .       .       .  6    2  0 

Copper  or  zinc,  16  oz.  do.  .       .       .       .       .  10  0 


SUPPLY  OF  WATER. 

123.  The  arrangements  for  distributing  a  supply  of  water 
over  the  different  parts  of  a  building  will  depend  very 
materially  on  the  nature  of  the  supply,  whether  constant  or 
intermittent. 

The  most  common  method  of  supply  from  water-works  is 
by  pipes  which  communicate  with  private  cisterns,  into 
which  the  water  is  turned  at  stated  intervals. 

A  cistern,  in  a  dwelling-house,  is  always  more  or  less  an 
evil ;  it  takes  up  a  great  deal  of  space,  costs  a  great  deal  of 
money  in  the  first  instance,  and  often  causes  inconvenience, 
from  leakage,  from  the  bursting  of  the  service  pipes  in  frosty 
weather,  and  from  the  liability  of  the  self-acting  cock  to  get 
out  of  order. 

Fig.  69  shows  the  ordinary  arrangements  of  a  cistern  for 
a  dwelling-house.  The  common  material  for  the  cistern 
itself  is  galvanized  wrought-iron  or  wood  lined  with  sheet 
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lead  ;  but  slate  cisterns  are  also  used.  Large  cisterns  or 
tanks  for  the  supply  of  breweries,  manufactories,  &c.,  are 
usually  made  of  cast-iron  plates,  screwed  together  by  means 
of  flanges  all  round  their  edges. 

The  service  or  feed  pipe  for  a  cistern,  in  the  case  of  an 
intermittent  supply,  must  be  sufficiently  large  to  allow  of 
its  filling  during  the  time  the  water  is  turned  on  from  the 
mains.  The  flow  of  water  into  the  cistern  is  regulated  by 
a  hall  cock,  so  called  from  its  being  opened  and  shut  by  a 
lever,  with  a  copper  ball,  which  floats  on  the  surface  of  the 
water. 

The  service  pipes  to  the  different  parts  of  the  building 
are  laid  into  the  bottom  of  the 
cistern,  but  should  not  come  within 
an  inch  of  the  actual  bottom,  in 
order  that  the  sediment,  which  is 
^  _  _      always  deposited  in  a  greater  or 

1  §  I  E    less  degree,  may  not  be  disturbed  : 

Fig.  69.  mouth  of  each  pipe  should  be 

covered  by  a  rose,  to  prevent  any 
foreign  substances  being  washed  into  the  pipes  and  choking 
the  taps. 

To  afford  a  ready  means  of  cleaning  out  the  cistern,  a  waste 
pipe  is  inserted  quite  at  the  bottom,  sufficiently  large  to  draw 
off"  the  whole  contents  in  a  short  time  when  required ;  into 
this  waste  pipe  is  fitted  a  standing  ivaste,  which  reaches 
nearly  to  the  top  of  the  cistern,  and  carries  off"  the  waste 
water,  when,  from  any  derangement  in  the  working  of  the 
ball  cock,  the  water  continues  running  after  the  cistern  is 
full.  To  prevent  any  leakage  at  the  bottom  of  the  standing 
waste,  the  latter  terminates  in  a  brass  plug,  which  is  ground 
to  fit  a  washer  inserted  at  the  top  of  the  waste  pipe. 

Where  the  supply  of  water  is  constant,  instead  of  being 
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intermittent,  private  cisterns  may  be  altogether  dispensed 
with ;  the  main  service  pipes,  not  being  required  to  dis- 
charge a  large  quantity  of  water  in  a  short  time,  may  be  of 
smaller  bore,  and  consequently  cheaper,  and  a  consider- 
able length  of  pipe  is  saved,  as  the  water  can  be  laid  on 
directly  to  the  several  taps,  instead  of  having  to  be  taken 
up  to  the  cistern  and  then  brought  back  again.  The  constant 
flow  of  water  through  the  pipes  also  much  diminishes  the 
risk  of  their  bursting  in  frosty  weather  from  freezing  of 
their  contents. 

WARMING  AND  VENTILATION. 

124.  The  various  contrivances  employed  for  warming 
buildings  may  be  classed  as  under  : — 

Methods  of  Warming  independently  of  Ventilation. 

125.  1st.  Separate  open  fires  or  stoves  in  every  room  with 
their  own  flues,  etc.  These  are  pleasant  to  the  eye,  and 
may  be  decorated  according  to  requirements,  while  they  are 
under  separate  control,  and  entail  comparatively  little 
expense.  They  should  be  fixed  low  down  to  prevent 
draught  aff"ecting  the  occupants'  feet,  and  to  keep  down  the 
rapidity  of  combustion,  and  they  should  have  as  much  fire- 
brick and  as  little  iron  about  them  as  possible,  for  the  fire- 
1)rick  retains  heat.  The  fire  should  be  placed  forward  in 
the  fireplace  instead  of  in  recess,  so  that  the  heat  comes 
into  the  room  instead  of  passing  up  the  chimney. 

126.  2nd.  Systems  of  continuous  piping  filled  with  steam 
or  hot  water  on  the  high  or  low  pressure  principles,  worked 
from  one  fire,  and  controlled  at  various  points.  The  objec- 
tions to  hot  water  systems  of  heating  are  the  unsightliness 
and  inconvenience  of  the  coils  and  piping  in  the  rooms — the 
low  pressure  system  of  pipes  of  larger  diameter  being  more 
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open  to  objection  than  the  smaller  pipes  with  coils  as  used 
on  the  high  pressure  principle.  On  the  other  hand  the  risk 
of  explosion  is  greater  on  the  latter  than  the  low  pressure. 

Methods  of  W arming  combined  iciih  Ventilation. 

127.  3rd.  By  the  "  Plenum"  system,  which  consists  of  col- 
lecting at  certain  points  the  best  external  air,  drawing  it  by 
means  of  fans  driven  by  steam  or  electricity  into  large  flues 
or  ducts,  generally  underground.  During  the  course  of 
its  entrance  this  air  is  cleansed,  warmed,  or  cooled 
and  humidified,  and  then  passed  under  slight  pressure 
through  branch  flues  into  the  rooms,  etc.  Care  must 
be  taken  that  the  flues  are  free  from  any  possibility 
of  becoming  contaminated.  The  pure  air  required  is 
brought  in  at  a  level  of  about  8  feet  from  the  floor,  and  the 
foul  air  is  drawn  out  at  the  floor  level  into  trunks  which 
carry  it  away  at  the  roof,  or  other  ventilators.  It  should 
be  understood  that  the  warm  air  being  lighter  ascends  and 
distributes  itself,  while  the  cold  air  falls,  and  if  the  means 
of  lighting  the  rooms  has  the  effect  of  vitiating  the  air, 
then  the  result  will  be  that  foul  air  is  breathed  by  the 
occupants,  but  such  would  not  happen  if  electric  light  were 
the  means  of  illumination,  so  that  the  latter  is  necessary  to 
render  the  Plenum  system  absolutely  successful.  The  air 
may  be  regulated  and  changed  or  renewed  up  to  fifteen 
times  an  hour,  and  it  is  acknowledged  that  each  person 
requires  1,500  to  1,800  cubic  feet  per  hour,  so  that  it  is 
only  a  matter  of  arithmetic  to  calculate  the  sizes  of  flues  in 
conjunction  with  the  velocity,  which  should  not  exceed 
more  than  three  or  four  feet  per  second  to  avoid  draughts. 
The  temperature  of  a  room  should  be  maintained  in  winter 
and  summer  at  from  55  to  65  degrees  Fahr.,  to  be  the  ideal 
of  comfort. 
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There  are  several  systems  of  warming  rooms  by  passing 
air  heated  to  perhaps  120  degrees  Fahr.  into  them  to  mix 
with  the  cold,  the  inlet  and  outlet  both  being  at  the  floor 
line,  but  the  air  does  not  always  get  evenly  distributed, 
and  objections  are  general  on  that  account  unless  means 
are  taken  to  equalize  the  temperature,  and  prevent  the 
stagnation  of  areas  of  foul,  hot,  or  cold  air. 

Rooms  can  also  be  heated  and  ventilated  by  systems 
whereby  hot  air  is  brought  in  at  the  floor  level  and  ex- 
tracted at  the  ceiling — a  quite  natural  process,  but  open  to 
objections  similar  to  the  last.  It  will  be  gathered  that 
most  of  these  systems  can  only  be  employed  where  the 
buildings  are  designed  to  receive  them.  It  is  only  in 
exceptional  cases  where  they  can  be  adapted  to  old 
buildings. 

In  all  methods  of  warming,  in  which  the  air  is  heated 
by  coming  in  contact  with  metallic  heating  surfaces,  care 
should  be  taken  that  their  temperature  should  not  exceed 
212*^,  as  when  this  limit  is  exceeded,  the  air  becomes 
unfit  for  use,  and  offensive  from  the  scorching  of  the  par- 
ticles of  dust  or  other  matters  that  are  always  floating  in  it. 


SECTION 


MATEEIALS  USED  IN  BUILDING. 

128.  The  materials  used  in  building  may  be  classed 
under  the  heads  Timber,  Stone,  Slate,  Bricks  and 
Tiles,  Limes  and  Cements,  Metals,  Glass,  Colours 
AND  Varnishes.  Of  these.  Slate  and  Glass  will  be 
found  noticed  in  Section  IV.  of  this  volume  (pp.  129  and 
143);  and  our  remarks  in  this  section  will  be  confined 
to  the  consideration  of  Timber,  Limes  and  Cements, 
and  Metals.  Those  desirous  of  further  investigation  of 
those  subjects,  or  of  pursuing  the  study  of  the  other 
materials  referred  to,  will  do  well  to  consult  the  Pub- 
lishers' list  inserted  at  the  end  of  this  volume. 

timber. 

129.  If  we  examine  a  transverse  section  of  the  stem  of  a 
tree,  we  perceive  it  to  consist  of  three  distinct  parts :  the 
hark,  the  wood,  and  the  pith.  The  wood  appears  disposed 
in  rings  round  the  pith,  the  outer  rings  being  softer  and 
containing  more  sap  than  those  immediately  round  the  pith 
which  form  what  is  called  the  heart  wood. 

These  rings  are  also  traversed  by  rays  extending  from 
the  centre  of  the  stem  to  the  bark,  called  medullary  rays. 
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The  whole  structure  of  a  tree  consists  of  minute  vessels 
and  cells,  the  former  conveying  the  sap  through  the  wood 
in  its  ascent,  and  through  the  bark  to  the  leaves  in  its 
descent ;  and  the  latter  performing  the  functions  of  secre- 
tion and  nutrition  during  the  life  of  the  tree.  The  solid 
parts  of  a  tree  consist  almost  entirely  of  the  fibrous  parts 
composing  the  sides  of  the  vessels  and  cells. 

By  numerous  experiments  it  has  been  ascertained  that  the 
sap  begins  to  ascend  in  the  spring  of  the  year,  through  the 
minute  vessels  in  the  wood,  and  descends  through  the  bark 
to  the  leaves,  and,  after  passing  through  them,  is  deposited 
in  an  altered  state  between  the  bark  and  the  last  year's 
wood,  forming  a  new  layer  of  bark  and  sapwood,  the  old 
bark  being  pushed  forward. 

As  the  annual  layers  increase  in  number,  the  sapwood 
ceases  to  perform  its  original  functions ;  the  fluid  parts  are 
evaporated  or  absorbed  by  the  new  wood,  and,  the  sides  of 
the  vessels  being  pressed  together  by  the  growth  of  the 
latter,  the  sapwood  becomes  heartwood  or  perfect  wood, 
and  until  this  change  takes  place  it  is  unfit  for  the  purposes 
of  the  builder. 

The  vessels  in  each  layer  of  wood  are  largest  on  the  side 
nearest  the  centre  of  the  stem,  and  smallest  at  the  outside. 
This  arises  from  the  first  being  formed  in  the  spring,  when 
vegetation  is  most  active.  The  oblong  cells  which  surround 
the  vessels  are  filled  with  fluids  in  the  early  growth  ;  but 
as  the  tree  increases  in  size  these  become  evaporated  and 
absorbed,  and  the  cells  become  partly  filled  with  depositions 
of  woody  matter  and  indurated  secretions,  depending  on 
the  nature  of  the  soil,  and  affecting  the  quality  of  the 
timber.  Thus  Honduras  mahogany  is  full  of  black  specks, 
while  the  Spanish  is  full  of  minute  white  particles,  giving 
the  wood  the  appearance  of  having  been  rubbed  over  with 
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chalk.  At  a  meeting  of  the  Institution  of  Civil  Engineers, 
March,  1842,  it  was  stated  by  Professor  Brande  that  "a 
beech  tree  in  Sir  John  Sebright's  park  in  Hertfordshire,  on 
being  cut  down,  was  found  perfectly  black  all  up  the  heart. 
On  examination  it  was  discovered  that  the  tree  had  grown 
upon  a  mass  of  iron  scoriae  from  an  ancient  furnace,  and 
that  the  wood  had  absorbed  the  salt  of  iron."  This  anecdote 
well  explains  the  differences  that  exist  between  different 
specimens  of  the  same  kind  of  timber  imder  different  cir- 
cumstances of  growth  :  and  it  is  probably  the  nature  of  the 
soil  that  causes  the  difference  of  character  we  have  just 
named  between  Honduras  and  Spanish  mahogany. 

There  is  a  great  difference  in  the  character  of  the  annual 
rings  in  different  kinds  of  trees.  In  some  they  are  very 
distinct,  the  side  next  the  heart  being  porous,  and  the 
other  compact  and  hard,  as  in  the  oak,  the  ash,  and  the 
elm.  In  others  the  distinction  between  the  rings  is  so 
small  as  scarcely  to  be  distinguished,  and  the  texture  of  the 
wood  is  nearly  uniform,  as  in  the  beech  and  mahogany.  A 
third  class  of  trees  have  the  annual  rings  very  distinct  and 
their  pores  filled  with  resinous  matter,  one  part  being  hard 
and  heavy,  the  other  soft  and  light-coloured.  All  the 
resinous  woods  have  this  character,  as  larch,  fir,  pine,  and 
cedar. 

The  medullary  rings  are  scarcely  perceptible  to  the 
naked  eye  in  the  majority  of  trees  ;  but  in  some,  as  the 
oak  and  the  beech,  there  are  both  large  and  small  rings, 
which,  when  cut  through  obhquely,  produce  the  beautiful 
flowered  appearance  called  the  silver  grain. 

130.  In  preparing  timber  for  the  uses  of  the  builder 
there  are  three  principal  things  to  be  attended  to,  viz.,  the 
age  of  the  tree,  the  time  of  felling,  and  the  seasoning  for 
use. 
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131.  If  a  tree  be  felled  before  it  is  of  full  age,  whilst  the 
heartwood  is  scarcely  perfected,  the  timber  will  be  of  infe- 
rior quality,  and,  from  the  quantity  of  sap  contained  in  it, 
will  be  very  liable  to  decay.  On  the  other  hand,  if  the 
tree  be  allowed  to  stand  until  the  heartwood  begins  to 
decay,  the  timber  will  be  weak  and  brittle  :  the  best  timber 
comes  from  trees  that  have  nearly  done  growing,  as  there 
is  then  but  little  sapwood,  and  the  heartwood  is  in  the  best 
condition. 

132.  The  best  time  for  felling  trees  is  either  in  mid- 
winter,  when  the  sap  has  ceased  to  flow,  or  in  midsummer, 
when  the  sap  is  temporarily  expended  in  the  production  of 
leaves.  An  excellent  plan  is  to  bark  the  timber  in  the 
spring  and  fell  it  in  winter,  by  which  means  the  sapwood  is 
dried  up  and  hardened  :  but  as  the  bark  of  most  trees  is 
valueless,  the  oak  tree  (whose  bark  is  used  in  tanning)  is 
almost  the  only  one  that  Avill  pay  for  being  thus  treated. 

133.  The  seasoning  of  timber  consists  in  the  extraction 
or  evaporation  of  the  fluid  parts,  which  are  liable  to  decom- 
position on  the  cessation  of  the  growth  of  the  tree.  This 
is  usually  effected  by  steeping  the  green  timber  in  water,  to 
dilute  and  wash  out  the  sap  as  much  as  possible,  and  then 
drying  it  thoroughly  by  exposure  to  the  air  in  an  airy  situa- 
tion. The  time  required  to  season  timber  thoroughly  in 
this  manner  will  of  course  much  depend  on  the  sizes  of  the 
pieces  to  be  seasoned ;  but  for  general  purposes  of  carpen- 
try, two  years  is  the  least  that  can  be  allowed,  and,  in  sea- 
soning timber  for  the  use  of  the  joiner,  a  much  longer  time 
is  usually  required. 

134.  Decay  of  Timber. — Properly  seasoned  timber,  placed 
in  a  dry  situation  with  a  free  circulation  of  air  round  it,  is 
very  durable,  and  has  been  known  to  last  for  several  hun- 
dred years  without  apparent  deterioration.    This  is  not, 
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however,  the  case  when  exposed  to  moisture,  which  is 
always  more  or  less  prejudicial  to  its  durability. 

When  timber  is  constantly  under  water,  the  action  of  the 
water  dissolves  a  portion  of  its  substance,  which  is  made 
apparent  by  its  becoming  covered  with  a  coat  of  slime.  If 
it  be  exposed  to  alternations  of  dryness  and  moisture,  as  in 
the  case  of  piles  in  tidal  waters,  the  dissolved  parts  being 
continually  removed  by  evaporation  and  the  action  of  the 
water,  new  surfaces  are  exposed,  and  the  wood  rapidly  decays. 

Where  timber  is  exposed  to  heat  and  moisture,  the  albu- 
men or  gelatinous  matter  in  the  sapwood  speedily  putrefies 
and  decomposes,  causing  what  is  called  rot.  The  rot  in 
timber  is  commonly  divided  into  two  kinds,  the  wet  and  the 
dry,  but  the  chief  difference  between  them  is,  that  where 
the  timber  is  exposed  to  the  air,  the  gaseous  products  are 
freely  evaporated  ;  whilst,  in  a  confined  situation,  they  com- 
bine in  a  new  form,  viz.,  the  dry-rot  fungus,  Avhich,  deriving 
its  nourishment  from  the  decaying  timber,  often  grows  to  a 
length  of  many  feet,  spreading  in  every  direction,  and  in- 
sinuating its  delicate  fibres  even  through  the  joints  of 
brick  walls. 

In  addition  to  the  sources  of  decay  above  mentioned, 
timber  placed  in  sea  water  is  very  liable  to  be  completely 
destroyed  by  the  perforations  of  the  worm,  unless  protected 
by  copper  sheathing,  the  expense  of  which  causes  it  to  be 
seldom  used  for  this  purpose. 

135.  Prevention  of  Decay. — The  best  method  of  protect- 
ing woodwork  from  decay  when  exposed  to  the  weather  is 
to  paint  it  thoroughly,  so  as  to  prevent  its  being  affected  by 
moisture.  It  is,  however,  most  important  not  to  apply 
paint  to  any  woodwork  which  has  not  been  thoroughly  sea- 
soned ;  for  in  this  case,  the  evaporation  of  the  sap  being 
prevented,  it  decomposes,  and  the  wood  rapidly  decays. 


ART  OF  BUILDING. 


77 


Many  plans  have  been  proposed  for  the  prevention  of 
rot,  but  very  often  the  processes  confer  a  disadvantage 
while  doing  good;  for  instance,  creosoting  renders  wood 
more  inflammable  and,  furthermore,  you  can  neither  paint 
nor  whitewash  it,  it  must  remain  its  dirty  colour. 

The  best  known  systems  are  as  follows  :  

Creosoting,  discovered  by  Bethell,  consists  of  thoroughly 
saturating  the  wood  with  oil  of  creosote  by  forcing  the  oil 
in  under  pressure. 

Kyanizing  consists  of  impregnating  the  timber  with 
corrosive  sublimate,  thus  converting  the  albumen  into  an 
indecomposable  substance,  at  the  same  time  this  renders  the 
wood  almost  non-inflammable. 

Burnettizing  is  a  process  by  which  the  wood  is  soaked  in 
chloride  of  zinc,  an  operation  which  does  not  discolour 
the  wood. 

Boucherie's  method  is  to  pour  sulphate  of  copper  into 
the  top  of  the  log  and  let  it  soak  right  through  to 
the  bottom. 

Haskenizing  consists  of  placing  the  wood  in  large 
cylinders  and  forcing  air  at  a  heat  of  300°  to  400°  Fahr. 
through  its  pores  to  dry  up  the  sap  and  render  it  antiseptic 
and  able  to  resist  wet  or  dry  rot. 

Charring  the  exterior  of  wood  to  be  placed  in  the  ground 
is  also  a  valuable  preventative  against  rot. 

136.  The  variety  of  timber  trees  suitable  to  the  purposes 
of  the  builder  is  very  great;  but  fir  and  oak  are  the  kinds 
chiefly  used,  although  larch,  beech,  poplar  and  other  woods, 
are  employed  to  a  limited  extent  in  locahties  where  they 
can  be  obtained  more  cheaply  than  foreign  timber.  Very 
little  home-grown  fir  is  used  in  England,  as  foreign  timber, 
either  in  balks,  or  cut  up  into  planks,  deals,  or  battens,  can 
be  obtained  at  a  moderate  price  in  all  the  large  towns  in 
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the  kingdom,  and  is  very  superior  to  any  grown  in  this 
country.  Baltic  timber  is  more  esteemed  than  American, 
but  a  very  great  deal  of  the  latter  is  used. 

137.  Fir  is  one  of  the  most  useful  of  the  woods  used 
by  the  builder.  It  is  light,  soft,  easily  worked,  and  very 
durable  ;  but  the  lateral  cohesion  of  the  annual  rings  being 
very  slight,  it  will  not  bear  much  strain,  except  in  the  direc- 
tion of  the  length  of  the  fibres.  Red  pine  is  also  much  used 
for  carpenters'  and  external  joiners'  work,  and  is  very 
durable.  Whitewood,  having  very  little  strength,  is  only 
used  internally  and  for  an  inferior  class  of  work. 

Yellow  pine  is  much  used  for  internal  work  of  the  best 
quality.  Pitch  pine  is  very  resinous,  is  imported  from  the 
Southern  States  of  North  America,  and  is  much  used  for 
internal  joinery  and  in  logs  where  Baltic  pine  cannot  be 
procured. 

138.  Oak  is  grown  in  England,  and  imported  from 
America,  Germany  and  Austria.  The  English  oak  has  the 
greatest  strength  and  durability,  but  it  is  getting  scarce, 
American  oak  replacing  it  (but  only  on  account  of  its  price 
and  plentifulness)  for  use  under  conditions  where  strength 
and  durability  are  in  the  ascendant.  The  oak  from  Stettin 
also  shares  the  supply  of  a  similar  demand,  but  the  wainscot 
quality  imported  from  the  German  Baltic  ports  and  ports  of 
the  Adriatic  (and  from  America  as  well)  is  a  wood  of  a  kind 
nature,  easy  to  work  and  of  fine  figure  or  flower,  suitable 
for  the  best  internal  finishings. 

139.  Mahogany  is  much  used  for  internal  finishings, 
being  imported  from  Central  America  (Honduras),  the 
West  Indies  and  Central  Africa ;  Spanish  mahogany  (from 
Cuba)  is  the  hardest  and  best,  being  richest  in  colour,  but  it 
is  becoming  very  scarce. 

Walnut  is  of  a  mauve  brown  colour,  imported  from  North 
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America,  and  suitable  for  internal  work  of  the  best  kind ;  it 
will  take  a  high  polish  just  like  oak,  mahogany,  or  teak. 

Teak  is  yellow-brown  in  colour,  imported  from  Burmah 
and  the  East  Indies,  and  suitable  for  the  best  joinery. 

LIMES  AND  CEMENTS,  MORTAR,  ETC. 

140.  So  much  of  the  stability  of  brickwork  and  masonry 
depends  upon  the  binding  properties  of  the  mortar  or 
cement  with  which  the  materials  are  united,  especially  when 
exposed  to  a  side  pressure,  as  in  the  case  of  retaining 
walls,  arches,  and  piers,  that  it  is  of  no  small  importance  to 
ascertain  on  what  the  strength  of  mortar  really  depends, 
and  how  far  the  proportions  of  the  ingredients  require 
modification,  according  to  the  quality  of  the  lime  that  may 
have  to  be  used. 

It  was  long  supposed  that  the  hardness  of  any  mortar 
depended  upon  the  hardness  of  the  limestone,  from  which 
the  lime  used  in  its  composition  was  derived  ;  but  it  was 
ascertained  by  the  celebrated  Smeaton,  and  since  his  time 
clearly  shown  by  the  researches  of  others,  amongst  whom 
may  be  named,  Vicat  in  France,  and  Lieutenant-General 
Sir  Charles  Pasley  in  this  country,  that  the  hardness  of  the 
limestone  has  nothing  to  do  with  the  matter,  and  that  it  is 
its  chemical  composition  which  regulates  the  quality  of  the 
mortar. 

141.  Limestone  may  be  divided  into  three  classes. 
1st.  Pure  limes — as  chalk. 

2nd,  Water  limes— some  of  which  are  only  slightly 
hydraulic,  as  the  stone  limes  of  the  lower  chalk,  whilst 
others  are  eminently  so,  as  the  lias  limes. 

3rd.  Water  cements — as  those  of  Sheppy  and  Harwich. 

142.  In  making  mortar  the  following  processes  are  gone 
through. 
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1st.  The  limestone  is  calcined  by  exposure  to  strong 
heat  in  a  kiln,  which  drives  off  the  carbonic  acid  gas  con- 
tained in  it,  and  reduces  it  to  the  state  of  quick-lime. 

2nd.  The  quick-lime  is  slaked  by  pouring  water  upon 
it,  when  it  swells,  more  or  less,  with  considerable  heat, 
and  falls  into  a  fine  powder,  forming  a  hydrate  of  lime. 

3rd.  The  hydrate  thus  formed  is  mixed  up  into  a 
stiffish  paste,  with  the  addition  of  more  water,  and  a 
proper  proportion  of  sand,  and  is  then  ready  for  use. 

143.  Pure  Limes. — Clialk  is  a  pure  carbonate  of  lime, 
consisting  of  about  5  parts  of  lime  combined  with  4  of  car- 
bonic acid  gas.  It  expands  greatly  in  slaking,  and  will  bear 
from  3  to  3^  parts  of  sand  to  one  of  lime,  when  made  up 
into  mortar.  Chalk  lime  mortar  is,  however,  of  little  value, 
as  it  sets  or  hardens  very  slowly,  and  in  moist  situations 
never  sets  at  all,  but  remains  in  a  pulpy  state,  which  ren- 
ders it  quite  unfit  for  any  work  subjected  to  the  action  of 
water,  or  even  for  the  external  walls  of  a  building. 

144.  Gypsum,  from  which  is  made  plaster  of  Paris  for 
cornices  and  internal  decorations,  is  granular  sulphate  of 
lime,  and  contains  26'5  of  lime,  37*5  of  sulphuric  acid,  and 
17  of  water.  It  slakes  without  swelling,  with  a  moderate 
heat,  setting  hard  in  a  very  short  time,  and  will  even  set 
under  water ;  but  as  it  is,  like  other  pure  limes,  partly 
soluble  in  water,  it  is  not  suitable  for  anything  but 
internal  work. 

145.  Water  limes  have  obtained  their  name  from  the 
property  they  possess  in  a  greater  or  less  degree  of  setting 
under  water.  They  are  composed  of  carbonate  of  lime, 
mixed  with  silica,  alumina,  oxide  of  iron,  and  sometimes 
other  substances. 

146.  Dorking  lime,  obtained  from  the  beds  of  the  lower 
chalk,  at  Dorking,  in  Surrey;  and  Hailing  lime,  from  a 
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similar  situation  near  Eochester,  in  Kent,  are  the  principal 
limes  used  in  London  for  making  mortar,  and  are  slightly 
hydraulic ;  they  expand  considerably  in  slaking,  but  not  so 
much  as  the  pure  limes,  and  will  make  excellent  mortar 
when  mixed  with  3  parts  of  sand  to  one  of  lime.  Mortar 
made  with  these  limes  sets  hard  and  moderately  quick,  and 
when  set,  may  be  exposed  to  considerable  moisture  without 
injury ;  but  they  will  not  set  under  water,  and  are  there- 
fore unfit  for  hydraulic  works,  unless  combined  with  some 
other  subtance,  as  puzzolana,  to  give  them  water-setting 
properties. 

147.  The  Uue  lias  limes  are  the  strongest  water  limes  in 
this  country.  They  slake  very  slowly,  swelling  but  little  in 
the  process,  and  set  very  rapidly  even  under  water ;  a  few 
days  only  sufficing  to  make  the  mortar  extremely  hard. 
The  lias  limes  will  take  a  much  smaller  proportion  of  sand 
than  the  pure  limes,  the  reason  of  which  will  be  understood 
when  it  is  remembered  that  they  contain  a  considerable 
proportion  of  silica  and  alumina,  combined  with  the  lime 
in  their  natural  state,  and  consequently  the  proportion  of 
sand  which  makes  good  mortar  with  chalk  lime,  would  ruin 
mortar  made  with  Aberthaw,  Watchet,  Barrow,  and  other 
lias  limes. 

In  the  Vale  of  Belvoir,  where  the  lias  lime  is  extensively 
used,  the  common  practice  is  to  use  equal  parts  of  lime  and 
sand  for  inside  work,  and  one-half  sand  to  one  of  lime  for 
face  work. 

148.  Water  Cements. — These  diflfer  from  the  water-limes, 
as  regards  their  chemical  composition,  only  in  containing 
less  of  carbonate  of  lime  and  more  of  silica  and  alumina. 
They  require  to  be  reduced  to  a  fine  powder  after  calcina- 
tion, without  which  preparation  they  cannot  be  made  to 
slake.     The  process  of  slaking  is  not  accompanied  by  any 
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increase  of  bulk,  and  they  set  under  water  in  a  short  time, 
a  few  hours  sufficing  for  a  cement  joint  to  become  perfectly 
hard. 

The  principal  supplies  of  cement-stone  for  the  London 
market  are  derived  from  Harwich  in  Essex,  and  the  Isle  of 
Sheppey  in  Kent ;  where  they  are  found  in  the  London  clay 
in  the  form  of  calcareous  nodules. 

A  good  Portland  cement,  whether  natural  or  artificial, 
should  be  in  such  proportions,  that  in  the  calcination  the 
silica  and  alumina  should  take  up  all  the  lime  and  form 
silicate  and  aluminate  of  lime. 

149.  The  use  of  natural  cement  was  introduced  by  Mr. 
Parker,  who  first  discovered  the  properties  of  the  cement- 
stone  in  the  Isle  of  Sheppey,  and  took  out  a  patent  for  the 
sale  of  it  in  1796,  under  the  name  of  Roman  cement. 

Before  that  time,  hydraulic  mortar,  for  dock  walls,  har- 
bour work,  &c.,  was  usually  made  by  mixing  common  lime 
with  trass,  from  Andernach  in  Germany,  or  with  puzzolana 
from  Italy ;  both  are  considered  to  bo  volcanic  products, 
the  latter  containing  silica  and  alumina,  with  a  small 
quantity  of  lime,  potash,  and  magnesia.  Iron  is  also 
associated  with  it  in  a  magnetic  state. 

150.  The  expense  of  natural  puzzolana  led  to  the  manu- 
facture of  artificial  puzzolana,  which  appears  to  have  been 
used  at  an  early  date  by  the  Romans,  and  has  continued  in 
use  in  the  South  of  Europe  to  the  present  day  ;  artificial 
puzzolana  is  made  of  pounded  bricks  or  tile  dust.  The 
Dutch  manufacture  an  artificial  puzzolana  from  burnt  clay, 
an  imitation  of  the  trass  of  Andernach,  which  is  said  to  be 
a  close  imitation  of  the  natural  product. 

151.  The  great  and  increasing  demand  for  cement,  and 
its  great  superiority  for  most  purposes  over  lime  mortar, 
have  induced  manufacturers  to  turn  their  attention  to  the 
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manufacture  of  artificial  cement,  and  this  has  been  attended 
in  many  instances  with  perfect  success ;  the  artificial 
cements  now  offered  for  sale  as  Portland  cement,  formed 
by  imitating  the  composition  of  the  natural  cement-stones, 
being  superior  in  quality  to  the  Koman  cement,  the  use  of 
which  has  been  superseded  by  them. 

152.  The  quality  of  the  sand  used  in  making  mortar  is 
by  no  means  unimportant.  It  should  be  clean  and  sharp  ; 
i.e.  angular,  and  perfectly  free  from  all  impurities.  The 
purer  the  lime  the  finer  should  be  the  quality  of  the  sand, 
the  pure  limes  requiring  finer,  and  the  cements  a  coarser 
sand  than  the  hydraulic  limes.  From  two  to  three  parts  of 
sand  are  mixed  with  Portland  cement. 

CONCRETE. 

153.  Rubble  masonry,  formed  of  small  stones  bedded  in 
mortar,  appears  to  have  been  commonly  used  in  England 
from  an  early  period  ;  and  similar  work,  cemented  with 
hydraulic  mortar,  was  constantly  made  use  of  by  the 
Romans  in  their  sea-works,  of  which  many  remains  exist  at 
the  present  day  in  a  perfectly  sound  state. 

154.  This  mode  of  forming  foundations,  in  situations 
where  solid  masonry  would  be  inapplicable,  has  been 
revived  in  modern  times;  in  England  under  the  name  of 
concrete,  and  on  the  Continent  under  the  name  of  Mton. 

155.  Concrete  is  usually  made  with  gravel  or  broken 
bricks,  stones,  or  clinker,  sand,  lias  lime,  or  Portland  cement, 
mixed  together  with  water  in  varying  proportions  to  suit 
particular  requirements. 

Portland  cement  concrete  with  gravel  finely  broken  (to 
pass  an  IJ-inch  ring),  bricks,  stones  or  clinker,  and  sand,  in 
the  proportion  of  about  one  part  by  measure  of  best 
Portland  cement  to  four  parts  of  broken  aggregate  and  one 
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of  sand  is  the  mixture  most  generally  used  for  upper  floors 
or  other  similar  work  requiring  tensile  strength.  For  founda- 
tion work,  the  concrete  need  not  be  so  strongly  gauged,  nor 
is  it  necessary  to  have  so  finely  broken  an  aggregate,  the 
most  serviceable  mixtures  are  in  the  proportion  of  one  part 
by  measure  of  cement  to  six  of  aggregate  made  m  of  large 
stuff  to  pass  a  2J-inch  ring  with  sufficient  sand,  ^jravel,  or 
other  fine  stuff  to  fill  up  all  the  interstices  when  mixed.  It 
is  important  that  the  mixings  should  be  thorough!/  made — 
the  fine  stuff  or  matrix,  i.e.,  cement  and  sand,  being  turned 
over  two  or  three  times  before  the  water  is  added,  and  then 
the  matrix  and  aggregate  should  be  turned  over  twice  and 
thoroughly  incorporated  before  being  placed  in  position. 

The  Portland  cement  for  concreting  should  be  very  finely 
ground,  only  leaving  a  residue  of  5  per  cent,  wlen  sifted 
through  a  sieve  having  5,625  meshes  per  square  inch,  as 
the  residue  has  no  setting  properties.  It  should  wigh  112 
lbs.  per  striked  bushel ;  for  heavy  cements  through  slow 
setting  have  the  greatest  ultimate  strength,  and  it  should  be 
capable  of  withstanding  a  tensile  strength  of  4O0  lbs.  per 
square  inch,  after  the  briquette  has  been  immersed  in  water 
seven  days  immediately  following  its  mixing  with  water  to 
form  the  briquette,  and  that  strength  should  show  no 
deterioration  but  increase  gradually  for  21  days  more. 

Lias  lime  is  sometimes  used  for  foundation  concrete,  the 
ground  quality  of  course  being  employed,  or  the  lump 
variety  thoroughly  slaked  before  being  mixed  with  the 
sand. 

156.  Asphalte,  so  much  in  use  at  the  present  day  for 
foot-pavements,  terrace-roofs,  &c.,  is  made  by  me.ting  the 
asphalte  rock,  which  is  a  carbonate  of  lime  intimately  com- 
bined with  bitumen,  and  adding  to  it  a  small  portion  of 
mineral  tar,  which  forms  a  compact  semi-elastic  solid,  ad- 
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mirably  adapted  for  resisting  the  effects  of  frost,  heat,  and 
wet. 

Many  artificial  asphaltes  have  been  brought  under  public 
notice  from  time  to  time,  but  they  are  all  inferior  to  the 
natural  asphalte,  in  the  intimate  combination  of  the  lime  and 
bitumen,  which  it  appears  impossible  to  effect  thoroughly 
by  artificial  means. 

METALS. 

157.  The  metals  used  as  building  materials  are  iron 
lead,  copper,  zinc,  and  tin. 

158.  Iron. — Iron  is  used  by  the  builder  in  three  different 
states,  viz.  cast  iron,  wrought  iron,  and  steel,  the  differences 
between  them  depending  on  the  proportion  of  carbon 
combined  with  the  metal ;  cast  iron  containing  the  most, 
and  wrought  iron  the  least,  and  steel  an  intermediate 
quantity. 

159.  Previous  to  the  middle  of  the  last  century,  the 
smelting  of  iron  was  carried  on  with  wood  charcoal,  and  the 
ores  used  were  chiefly  from  the  secondary  strata,  although 
the  clay  ironstones  of  the  coal  measures  were  occasionally 
used. 

The  weald  of  Kent  and  Sussex*  contained  many  iron 
works  during  the  seventeenth  century.  That  at  Lamber 
hurst,  near  Tunbridge  Wells  in  Sussex,  is  noted  as  having 
furnished  the  cast-iron  railing  round  St.  Paul's  Cathedral. 
The  tilt  hammers  used  in  forging  bar  iron  were  chiefly 
worked  by  water  power.  A  large  pool  in  Beeding  Forest, 
near  Horsham  in  Sussex,  still  retains  the  name  of  the 
Hammer  Pond,  and  the  former  sites  of  many  old  forges  in 

*  The  clay  ironstones  of  Sussex  are  very  ricli,  and  are  still  raised  in 
considerable  quantities,  and  shipped  for  Wales  and  Newcastle. 
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the  wealden  district  may  still  be  traced  by  the  heaps  of 
cinders  which  yet  remain  here  and  there,  and  by  the  local 
names  to  which  the  works  gave  rise. 

160.  The  introduction  of  smelting  with  pitcoal  coke 
during  the  last  century  caused  a  complete  revolution  in  the 
iron  trade.  The  ores  now  chiefly  used  are  the  clay  iron- 
stones of  the  coal  measures,  and  the  fuel,  jitcoal  or  coke. 
Steam  power  is  almost  exclusively  used  for  the  production 
of  the  blast  in  the  furnaces,  and  for  working  the  forge  ham- 
mers and  rolling  mills. 

161.  For  the  production  of  wrought  iron  in  the  ordinary 
manner,  two  distinct  sets  of  processes  are  required.  1st. 
The  extraction  of  the  metal  from  the  ore  in  the  shape  of 
cast  iron.  2nd.  The  conversion  of  cast  iron  into  malleable 
or  bar-iron,  by  re-melting,  puddling,  and  forging;  the 
operations  repeated  three  or  four  times,  increasing  the 
quality  of  the  wrought  iron  as  manipulation  adds  to  its 
fibrous  tenacity. 

162.  Cast  iron  is  produced  by  smelting  the  previously 
calcined  ore  in  a  blast  furnace,  with  a  portion  of  limestone 
as  a  flux,  and  pitcoal  or  coke  as  fuel.  The  melted  metal 
sinks  to  the  bottom  of  the  furnace  by  its  greater  specific 
gravity.  The  limestone  and  other  impurities  float  on  the 
top  of  the  melted  mass,  and  are  allowed  to  run  off,  forming 
slag  or  cinder.  The  melted  metal  is  run  off  from  the  bottom 
of  the  furnace  into  furrows  made  in  a  level  bed  of  sand, 
producing  foundry  pig,  "which  is  used  for  remelting  into 
finished  castings  suitable  for  the  architect  and  engineer, 
and  forge  pig  which  is  converted  into  steel  and  wrought 
iron. 

163.  In  the  year  1827,  it  was  discovered  that  by  the  use 
of  heated  air  for  the  blast,  a  great  saving  of  fuel  could  be 
effected,  as  compared  with  the  cold  blast  process. 
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The  hot  blast  is  now  very  extensively  in  use,  and  has  the 
double  advantage  of  requiring  less  fuel  to  bring  down  an 
equal  quantity  of  metal,  and  of  enabling  the  manufacturer 
to  use  raw  pitcoal  instead  of  coke,  so  that  a  saving  is  effected 
both  in  the  quantity  and  cost  of  the  fuel. 

For  a  considerable  time  after  its  introduction  it  was  held 
in  great  disrepute,  which,  however,  may  be  chiefly  attributed 
to  the  inferior  quality  of  materials  used,  the  power  of  the 
hot  blast  in  reducing  the  most  refractory  ores  offering  a 
great  temptation  to  obtain  a  much  larger  product  from  the 
furnace  than  was  compatible  with  the  good  quality  of  the 
metal.  The  use  of  the  hot  blast  by  firms  of  acknowledged 
character  has  greatly  tended  to  remove  the  prejudice  against 
it ;  and  in  many  iron  works  of  high  character,  nothing  but 
the  hot  blast  with  pitcoal  is  used  in  the  smelting  furnaces 
the  use  of  coke  being  confined  to  the  subsequent  processes. 

Perhaps  it  may  be  laid  down  as  a  general  principle,  that 
where  the  pig  iron  is  re-melted  with  coke  in  the  cupola 
furnace,  for  the  purposes  of  the  ironfounder,  or  refined 
with  coke  in  the  conversion  of  forge  pig  into  bar  iron,  it  is 
of  little  consequence  whether  the  reduction  of  the  ore  has 
been  effected  with  the  hot  or  the  cold  blast ;  but  where 
castings  have  to  be  run  directly  from  the  smelting  furnace, 
the  quality  of  the  metal  will,  no  doubt,  suffer  from  the  use 
of  the  former. 

164.  Cast  iron  is  divided  by  ironfounders  into  three 
qualities.  No.  1,  or  Uack  cast  iron,  is  coarse-grained,  soft, 
and  not  very  tenacious.    When  re-melted  it  passes  into  No. 

2,  or  grey  cast  iron.  This  is  the  best  quality  for  castings  re- 
quiring strength  :  it  is  more  finely  grained  than  No.  1,  and 
is  harder  and  more  tenacious.  When  repeatedly  re-melted 
it  becomes  excessively  hard  and  brittle,  and  passes  into  No. 

3,  or  white  cast  iron,  which  is  only  used  for  the  commonest 
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castings,  as  sash-weights,  and  similar  articles.  White  cast 
iron,  if  produced  direct  from  the  ore,  is  an  indication  of 
derangement  in  the  working  of  the  furnace,  and  is  unfit  for 
the  ordinary  purposes  of  the  founder,  except  to  mix  with 
other  qualities. 

165.  Stancheons  and  similar  solid  articles  are  cast  in  sand 
moulds,  enclosed  in  iron  frames  or  boxes,  each  mould  re- 
quiring an  upper  and  lower  box,  A  mould  is  formed  by 
pressing  sand  firmly  round  a  wooden  pattern,  which  is  after- 
wards removed,  and  the  melted  metal  poured  into  the  space 
thus  left  through  apertures  made  for  the  purpose. 

The  moulds  for  ornamental  work  and  for  hollow  castings 
are  of  a  more  complicated  construction,  which  will  be  better 
understood  from  actual  inspection  at  a  foundry  than  from 
any  written  description. 

Almost  all  irons  are  improved  by  admixture  with  others, 
and,  therefore,  where  superior  castings  are  required  they 
should  not  be  run  direct  from  the  smelting  furnace,  but 
the  metal  should  be  re-melted  in  a  cupola  furnace,  which 
gives  the  opportunity  of  suiting  the  quality  of  the  iron  to 
its  intended  use.  Thus,  for  delicate  ornamental  work,  a 
soft  and  very  fluid  iron  will  be  required,  whilst,  for  girders 
and  castings  exposed  to  cross  strain,  the  metal  will  require 
to  be  harder  and  more  tenacious.  For  bed-plates  and 
castings  which  have  merely  to  sustain  a  compressing  force, 
the  chief  point  to  be  attended  to  is  the  hardness  of  the 
metal. 

Castings  should  be  allowed  to  remain  in  the  sand  until 
cool,  as  the  quality  of  the  metal  is  greatly  injured  by  the 
rapid  and  irregular  cooling  which  takes  place  from  exposure 
to  air  if  removed  from  the  moulds  in  a  red-hot  state, 
which  is  sometimes  done  in  small  foundries  to  economise 
room. 
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Staffordshire,  Shropshire,  and  Derbyshire  afford  the  best 
irons  for  castings.  The  Scotch  iron  is  much  esteemed  for 
hollow  wares,  and  has  a  beautifully  smooth  surface,  which 
may  be  noticed  in  the  stoves  and  other  articles  cast  by  the 
Carron  Company. 

The  Welsh  iron  is  principally  used  for  conversion  into 
bar  iron. 

166.  The  conversion  of  forge  pig  into  bar  iron  or  steel 
is  effected  by  a  variety  of  processes,  which  have  for  their 
object  the  freeing  the  metal  from  the  carbon  and  other 
impurities  combined  with  it,  so  as  to  produce  as  nearly  as 
possible  the  pure  metal,  or  the  inclusion  of  a  defined 
quantity  of  carbon  as  in  the  case  of  steel. 

The  process  for  making  wrought  iron  has  been  alluded 
to  in  paragraph  161. 

Steel  is  made  by  several  processes  : — 

1st.  By  adding  carbon  to  wrought  iron  in  the  case  of 
blister  and  spring  steels. 

2nd.  By  extracting  the  carbon  from  pig  iron  and  add- 
ing the  proper  proportion  in  the  form  of  spiegclieten. 
(Bessemer  patent.) 

3rd.  By  adding  scrap  iron  to  the  heated  pig,  and  then 
such  proportion  of  carbon  as  is  found  necessary  by 
analysis  and  examination.    (Siemens-Martin  process.) 

167.  Lead. — Lead  is  used  by  the  mason  for  securing 
dowels,  coating  iron  cramps,  and  similar  purposes,  see  Sec- 
tion IV.,  Plumber. 

Lead  is  also  used  by  the  smith  in  fixing  iron  railings, 
and  other  work  where  iron  is  let  into  stone ;  but  the  use 
of  lead  in  contact  with  iron  is  always  to  be  avoided,  if  pos- 
sible, as  it  has  an  injurious  effect  upon  the  latter  metal, 
the  part  in  contact  with  the  lead  becoming  gradually 
softened.    Sulphur  is  best  for  the  purpose. 
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The  chief  value  of  lead,  however,  to  the  builder,  is  as  a 
covering  for  roofs,  and  for  lining  gutters,  cisterns,  &c.,  for 
which  uses  it  is  superior  to  any  other  metal.  For  these 
purposes  the  lead  is  cast  into  sheets,  and  then  passed  be- 
tween rollers  in  a  flatting-mill,  until  it  has  been  reduced  to 
the  required  thickness,  when  it  becomes  milled-lead. 

Cast-lead  is  often  made  by  plumbers  themselves  from 
old  lead  taken  in  exchange ;  but  it  is  very  inferior  to  the 
milled  lead  of  the  manufacturer,  being  not  so  compact,  and 
often  containing  small  air-holes,  which  render  it  unfit  for 
any  but  inferior  purposes. 

168.  Co^jyer. — See  Section  IV.,  Coppersmith. 

169.  Zinc. — See  Section  IV.,  Zincworker. 

170.  Brass  is  an  alloy  of  copper  and  zinc,  the  best 
proportions  being  nearly  two  parts  of  copper  to  one  of 
zinc. 

171.  Bronze  is  a  compound  metal,  composed  of  copper 
and  tin,  to  which  are  sometimes  added  a  little  zinc  and 
lead. 

The  best  proportions  for  casting  statues  and  bas-reliefs 
appear  to  be  attained  Avhen  the  tin  forms  about  ten  per 
cent,  of  the  alloy. 

By  alloying  copper  with  tin,  a  more  fusible  metal  is 
obtained,  and  the  alloy  is  much  harder  than  pure  copper ; 
but  considerable  management  is  required  to  prevent  the 
copper  from  becoming  refined  in  the  process  of  melting, 
a  result  which  has  frequently  happened  to  inexperienced 
founders. 

172.  Bell-metal  is  composed  of  copper  and  tin,  in  the 
proportion  of  78  per  cent,  of  the  former  to  22  per  cent,  of 
the  latter. 
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173.  There  are  three  principal  actions  to  which  the 
materials  of  a  building  are  exposed — namely  :  Compression, 
as  in  the  case  of  the  stones  in  a  wall ;  Tension,  as  in  the 
case  of  a  king-post  or  tie-beam ;  and  Cross-strain,  as  in  the 
case  of  a  bressummer,  floor-joists,  &c.  Only  against  cross- 
strain  are  precautions  especially  necessary,  as  in  all  or- 
dinary cases  the  resistance  of  the  materials  used  for  building 
is  far  beyond  any  direct  crushing  or  pulling  force  that  is 
likely  to  be  brought  upon  them. 

174.  Resistance  to  Compression. — The  following  table  will 
give  an  approximate  idea  of  the  powers  of  several  building 
materials  to  resist  compression  : 


Crushed  at  per 
foot  superficial. 
Tons. 


Good  common  bricks  . 
Ditto,  built  in  mortar 
Ditto,  in  cement 

Blue  bricks  ... 
Ditto  built  in  mortar 
Ditto  built  in  cement 

Sandstones  .... 

Limestones  .... 

Granite  


average 


from 
from 
about 


223 
32 
61 
780 
114 
135 
350 
250 
1100 
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The  following  are  for  per  inch  sectional  area,  but  must  be 
considered  as  to  bending  :— 

Tons.  cwts. 


Oak   13 

Cast  Iron  40 

Fir   7 

Wrought  iron  20 

Steel  30 


Cast  iron  may  be  considered  as  practicably  incompres- 
sible ;  wrought  iron  may  be  flattened  under  great  pressure, 
but  cannot  be  crushed.  Tirnher  may  be  considered,  for 
practical  purposes,  as  nearly  incompressible,  when  the 
weight  is  appHed  in  the  direction  of  the  fibres,  as  in  the 
case  of  a  wooden  story -post ;  but  the  softer  kinds,  as  fir, 
offer  little  resistance,  when  the  weight  is  applied  at  right 
angles  to  the  fibres,  as  in  the  case  of  the  sill  of  a  partition  ; 
and,  besides  this,  timber,  however  well-seasoned,  will 
always  shrink,  more  or  less,  in  the  direction  of  its  thick- 
ness, so  that  no  important  bearings  should  be  trusted 
to  it. 

175.  Resistance  to  Tension. — The  principal  building  mate- 
rials that  are  required  to  resist  direct  tension  are  timber  and 
wrought  iron. 

The  following  table  shows  the  weight  in  tons  required 
to  tear  asunder  bars  1-inch  square  of  the  following  mate- 


rials : — 

Tons. 

Oak   5 

Fir   H 

Cast  Iron   1^ 

Wrought  Iron    25 

Steel    32 


Cast  iron,  however,  although  included  in  the  above  table, 
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is  an  unsuitable  material  for  the  purpose  of  resisting  ten- 
sion, being  comparatively  brittle.  With  regard  to  timber, 
it  is  practically  impossible  to  tear  asunder  a  piece  of  even 
moderate  size,  by  force  applied  in  the  direction  of  the 
fibres,  and  therefore  the  dimensions  of  king-posts,  tie- 
beams,  and  other  timbers  which  have  to  resist  a  pulling 
force,  are  regulated  by  the  necessity  of  forming  proper 
joints  and  connections  with  the  other  part  of  the  framing 
to  which  they  belong,  rather  than  by  their  cohesive 
strength.  But  it  must  be  borne  in  mind,  that  although  the 
strength  of  all  kinds  of  timber  is  very  great  in  the  direction 
of  the  fibres,  the  lateral  cohesion  of  the  annual  rings  is  in 
many  kinds  of  wood  very  slight,  and  must  be  assisted  by 
iron  straps  in  all  doubtful  cases.  The  architects  of  the 
middle  ages  executed  their  magnificent  wooden  roofs 
without  these  aids,  but  they  worked  in  oak,  and  not  in  soft 
fir,  which  would  split  and  rend  if  treated  in  the  same 
way. 

Wrought  iron  is  extensively  used  for  bolts,  straps,  tie 
rods,  and  all  purposes  which  require  great  strength,  with 
small  sectional  area ;  one-fourth  of  the  breaking  weight  is 
usually  said  to  be  the  limit  to  which  it  should  be  strained ; 
but,  in  all  probability,  this  amount  might  be  doubled  with- 
out any  injurious  effects. 

176.  Cross  Strain. — In  calculating  the  strength  of  beams 
when  exposed  to  cross  or  transverse  strain,  two  principal 
considerations  present  themselves:  (1)  The  mechanical 
effect  which  any  given  load  will  produce  under  varying 
conditions  of  support ;  and  (2)  The  resistance  of  the  beam, 
and  the  manner  in  which  this  is  affected  by  the  form  of 
its  section. 

177.  Mechanical  Effect  of  a  given  Load  under  varying 
Circumstances. — If  a  rectangular  beam  be  supported  at  each 
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end  and  loaded  in  the  middle,  the  strength  of  the  heam, 
its  section  remaining  the  same,  will  be  inversely  as  the 
distance  between  the  supports,  the  weight  acting  with  a 
leverage  which  increases  at  this  distance.'^'  If  a  beam  be 
fixed  at  one  end  and  weighted  at  the  other  (Fig.  70),  its 


Fig.  70. 


strength  will  be  half  that  of  a  similar  beam  of  double  the 
length  supported  as  first  described  (Fig.  71).  A  parallel 
case  to  this  is  that  of  a  beam  supported  in  the  middle  and 


Fig.  71. 


*  It  may  be  as  well  to  observe  that,  although  this  is  true  as  to  the 
strength  of  beams  under  ordinary  circumstances,  it  does  not  hold 
good  when  the  loading  is  carried  to  the  breaking  point,  the  deflection 
of  the  beam  causing  an  increase  or  diminution  of  the  leverage  accord- 
ing to  the  mode  of  support.  The  difference  of  strength  arising  from 
this  cause  is,  however,  too  trifling  to  be  taken  into  consideration, 
except  in  delicate  experiments  on  the  ultimate  strength  of  beams. 
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loaded  at  the  ends  (Fig.  72).  In  each  of  the  above  cases 
the  beam  will  bear  double  the  load  if  it  be  equally  distri- 


Fig.  72. 


buted  over  its  whole  length,  as  shown  by  the  dotted  lines ; 
and  lastly,  the  strength  of  a  beam  firmly  fixed  at  the  ends 
is  to  its  strength  when  loosely  laid  on  supports  as  3  to  2 
{see  Fig.  73). 


Fig.  73. 


These  results  may  be  simply  expressed  thus  : — 
Let  s  be  the  weight  which  would  break  a  beam  of  given 
length  and  scantling  fixed  at  one  end  and  loaded  at  the 
other ; 

then  2  s  would  break  the  same  beam  fixed  at  one  end  and 
uniformly  loaded ; 
4  s  would  break  the  same  beam  supported  at  each  end 
and  loaded  in  the  middle  ; 
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6  s  would  break  the  same  beam  fixed  at  each  end  and 

loaded  in  the  middle  ; 
8  ,9  would  break  the  same  beam  supported  at  each  end 
and  uniformly  loaded ; 
12  s  would  break  the  same  beam  fixed  at  each  end  and 
uniformly  loaded. 

178.  2nd.  Resistance  of  the  Beam. — If  a  beam  be  loaded 
so  as  to  produce  fracture,  this  will  take  place  about  a  centre 
or  neutral  axis,  below  which  the  fibres  will  be  tmi  asunder, 
and  above  which  they  will  be  crushed.  This  may  be  very 
clearly  illustrated  by  drawing  a  number  of  parallel  lines 
with  a  soft  pencil  on  the  edge  of  a  piece  of  India  rubber, 

and  bending  it  round,  when  it  will  be 
seen  that  the  lines  are  brought  closer 
together  on  the  concave,  and  stretched 
further  asunder  on  the  convex  side, 
whilst,  between  the  two  edges,  a  neutral 
line  may  be  traced,  on  which  the  divi- 
sions remain  of  the  original  size,  which 
neutral  line  divides  the  fibres  that  are 
subjected  to  compression  from  those  in  a  state  of  tension 
(see  Fig.  74.) 

The  resistance  of  a  rectangular  beam  will,  therefore, 
depend,  1st,  on  the  number  of  fibres,  which  will  be  propor- 
tionate to  its  breadth  and  depth  ;  2nd,  on  the  distance  of 
those  fibres  from  the  neutral  axis,  and  the  consequent 
leverage  with  which  they  act,  which  will  also  be  as  the 
depth ;  and  lastly,  on  the  actual  strength  of  the  fibres, 
which  will  vary  with  different  materials,  and  can  only  be 
determined  approximately  from  actual  experiments  on 
rectangular  beams  of  the  same  material  as  those  whose 
strength  is  required  to  be  estimated. 

179.  Cast  iron  beams  or  girders  in  which  there  must,  on 
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account  of  the  disparity  in  strength  to  resist  tension  an<l 
compression,  be  a  great  variation  between  the  flanges,  are 
now  entirely  superseded  by  steel  joists  which  are  also  more 
reliable  under  sudden  changes. 

180.  Steel  joists  are  rolled  to  certain  sizes  according  to 
the  rolls  the  manufacturer  has  amongst  his  plant,  and  they 
are  called  stock  sizes,  and  most  makers  have  tables  of  the 
loads  each  of  their  girders  will  carry  at  various  spans.  It 
is  easy  for  anyone  to  ascerfain  from  their  books  what 
certain  joists  will  carry,  but  it  is  to  be  noted  that  joists 
should  seldom  be  more  than  twenty  times  their  depth  in 
length,  and  care  should  be  taken  as  to  the  nature  of  the 
load,  because  a  concenti-ated  load  causes  double  the  strain 
of  a  uniform  or  distributed  weight,  Avhich  is  the  class  of 
load  on  which  the  makers'  calculations  are  based,  and  it  is 
always  advisable  to  take  one-fourth  of  the  breaking  load  as 
the  safe  load  except  in  cases  of  bridges  and  the  like,  where 
one  fifth  would  be  the  more  secure. 

181.  Steel  joists  are  rolled  up  to  a  depth  of  24  inches, 
but  the  depth  allotted  in  a  building  seldom  allows  of  such 
a  joist  being  used. 

It  is  advisable  to  select  a  joist  in  depth  equal  to  one- 
twentieth  the  span,  and  if  such  joist  cannot  bear  the 
Aveight  it  must  be  compounded  by  putting  two  or  more 
together,  and  connecting  them  by  one  or  more  plates 
riveted  on  top  and  bottom. 

182.  The  strength  of  any  beam  can  be  ascertained  for  a 

distributed  load  by  the  following  method  : — 

Q  i.-   ^„  J  ^.1       nett.  sectional  area  ,  , 

8  times  depth  x  ^^^^  ^^^^^^     X  constant 

Span  in  inches. 
The  result  will  be  the  safe  or  breaking  load  according  to 
the  constant  used. 
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The  constant  of  safe  loads  may  be  :  — 


Wrought  Iron  will  resist  sifely  4  tons  compression  per  superficial  inch . 

,,          ,,  „             5    ,,    tension  ,, 

Cast          „  ,,  „ 

,,  ,,            8    ,,    compression  ,, 

Steel         .,  ,,            C    ,,       ,,  ,, 

,,           ,.  ,,            6    ,,    tension  ,, 

Oak          ,,  about  16  cwt.     ,,  ,, 

.,  )>    13         compression  ,, 

Weiiiel       „  ,,     ,,     10    „  ,, 

„           ,,  ,,     ,,    12    ,,  tenf-ion 

Fir           „  „     „    10  „ 

,,  ))     )>      7    ,,    compresfri'in  ,, 

and  in  working  out  rectangular  beams  it  must  not  be  for- 
gotten that  there  must  be  an  adequate  portion  above  the 


Fig.  75.         Fig.  75a.      Fig.  75b. 


neutral  axis  to  resist  compression,  and  below  a  requisite 
area  to  resist  tension. 

Steel  joists,  plates,  angles,  channels,  and  tees  are 
utilised  to  make  compound  girders  as  fig.  75,  box  girders 
as  fig.  75a,  and  plate  girders  as  fig.  75b. 

183.  Trussed  Timber  Beams. — Timbers  exposed  to  severe 
strain  require  to  be  trussed  with  iron,  and  this  may  be  done 
in  two  ways  :  1st,  by  inserting  cast-iron  struts,  as  in  fig.  76, 
thus  placing  the  whole,  or  nearly  the  whole,  of  the  wood- 
work in  a  state  of  tension ;  2nd,  by  wrought-iron  tension 
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rods,  as  in  fig.  77,  which  take  the  whole  of  the  tension, 
whilst  the  timber  is  thrown  entirely  into  compression.  The 
latter  mode  of  trussing  is  now  very  extensively  used  in 
strengthening  the  carriages  of  travelling  cranes  and  for 
similar  purposes ;  and,  by  its  use,  a  balk  of  timber  which 
will  barely  support  its  own  weight  safely  without  assistance, 


I 


Fig.  76. 

may  be  made  to  carry  a  load  of  many  tons  without  sensible 
deflection. 

184.  When  a  piece  of  timber,  whose  length  is  not  less 
than  8  or  10  times  its  diameter,  is  compressed  in  the 
direction  of  its  length,  as  in  the  case  of  a  wooden  story- 
post  supporting  a  bressummer,  it  will  give  way  if  loaded 
beyond  a  certain  point,  not  by  crushing,  but  by  bending, 
and  will  ultimately  be  destroyed  by  the  cross  strain,  just  as 
a  horizontal  beam  would  be  by  vertical  pressure  applied  at 


Fig.  77. 


right  angles  to  the  fibres.  The  rules  for  determining 
the  dimensions  of  a  piece  of  timber  to  support  a  given 
weight  without  sensible  flexure  are  very  complicated,  and 
are  of  little  practical  value,  as  they  depend  upon  the  condi- 
tion that  the  pressure  is  exactly  in  the  direction  of  the  axis 
of  the  post — a  condition  rarely  fulfilled  in  practice. 
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185.  Wooden  story-posts  have  been  to  a  great  extent 
superseded  by  the  use  of  cast-iron  pillars,  which  possess 
great  strength  with  a  small  sectional  area,  and  are  on  that 
account  particularly  well  adapted  to  situations  where  it  is  of 
consequence  to  avoid  obstructing  light,  as  in  shop-fronts. 

In  determining  the  design  of  a  cast-iron  pillar,  whose 
length  is  20  or  30  times  its  diameter,  two  points  have  to  be 
considered  :  1st,  the  liability  to  flexure ;  2nd,  the  risk  of  the 
ends  being  crushed  by  the  load  not  acting  in  the  direction 
of  the  axis  of  the  pillar. 

The  resistance  to  flexure  is  greatly  increased  by  enlarg- 
ing the  bearing  surface  at  the  ends  of 
the  pillar,  as  in  fig.  78,  which,  on  the 
other  hand,  increases  the  liability  of  the 
ends  to  fracture,' in  the  event  of  the  load 
being  thrown  on  the  side  instead  of  on 
the  centre  of  the  column,  by  any  irregular  settlement 
of  the  building.  The  judicious  architect  will,  therefore, 
take  a  mean  course,  swelling  out  the  capitals  and  bases 
of  his  cast-iron  pillars  enough  to  prevent  their  shafts 
from  bending,  but  at  the  same  time  avoiding  any  thin 
flanges  or  projections,  which  might  be  liable  to  be  broken. 
No  theoretical  rule  for  determining  the  proportions  of 
a  cast-iron  pillar  depending  on  the  weight  to  be  sup- 
ported can  be  depended  on  in  practice.  The  real 
measure  of  the  strength  of  a  cast-iron  story-post  must 
be  the  power  of  resisting  any  lateral  force  which  may  be 
brought  against  it ;  and  as  a  slight  blow  will  suffice  to 
fracture  a  pillar  which  is  capable  of  supporting  a  vertical 
pressure  of  very  many  tons,  we  have  only  to  make  sure  of 
the  lateral  strength,  and  we  are  quite  certain  to  be  on 
the  safe  side  as  regards  any  vertical  pressure  which  it  may 
have  to  sustain. 


ART  OF  BUILDING. 


101 


186.  Besides  the  above  cases  of  transverse  strain,  there 
are  others  aiising  from  irregular  settlements,  which  are 
amongst  the  greatest  difficulties  with  which  the  builder  has 
to  contend.  Thus,  to  take  a  familiar  instance,  the  window 
sills  of  a  dwelling-house  are  often  broken  by  the  settlement 
of  the  brickwork  being  greater  in  the  piers  than  under  the 
sills,  from  the  gi cater  pressure  on  the  mortar  joints;  and 
this  will  take  place  with  a  difference  of  settlement  which 
can  scarcely  be  detected,  even  by  careful  measurement. 
We  need  not  here  enlarge  on  this  subject,  as  we  have 
several  times  in  the  preceding  pages  had  occasion  to  notice 
both  the  causes  of  irregular  settlement,  and  the  precautions 
to  be  taken  for  its  prevention. 

Steel  stancheons  of  H.  section  or  of  channels,  angles,  tees, 
Il's  and  plates  compounded  together  are  becoming  more 
used  than  cast  iron.  The  caps  and  bases  must  be  made  of 
plates,  angles,  and  gussets  riveted  together,  of  such  a 
character  that  the  weight  may  be  equally  distributed  over 
the  padstones  or  other  bearing  surfaces  on  which  they  are 
to  be  erected. 
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USE  OF  MATERIALS. 

EXCAVATOR. 

187.  The  digging  required  for  the  foundations  of  com- 
mon buildings  usually  forms  part  of  the  business  of  the 
bricklayer,  and  is  paid  for  at  per  cubic  yard,  according  to 
the  depth  of  the  excavation,  and  the  distance  to  which  the 
earth  has  to  be  wheeled  ;  this  being  estimated  by  the  run 
of  20  yards. 

In  large  works,  which  require  coffer-dams  and  pumping 
apparatus  to  be  put  down  before  the  ground  can  be  got  out 
for  the  foundations,  the  work  assumes  a  different  character, 
and  is  paid  for  accordingly  ;  the  actual  excavation  being  only 
a  small  item  of  the  total  cost  compared  with  those  of  dredg- 
ing, piling,  puddling,  shoring,  pumping,.  &c. 

The  methods  in  use  of  constructing  coffer-dams,  driving 
piles,  and  executing  other  work  connected  with  founda- 
tions, will  be  found  described  in  the  volume  of  this  series 
on  "  Foundations  and  Concrete  Works." 

BRICKLAYER. 


188.  The  business  of  a  bricklayer  consists  in  the  execu- 
tion of  all  kinds  of  work  in  which  brick  is  the  principal 
material;   and^  in  ^  Lo^i^p;i;*h:  aljvays  ;in4HitiCs  tiling  and 
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paving  with  bricks  or  tiles.  Where  undressed  stone  is 
much  used  as  a  building  material,  the  bricklayer  executes 
this  kind  of  work  also,  and  in  the  country,  the  business 
of  the  plasterer  is  often  united  with  these  branches. 

189.  The  tools  of  the  bricklayer  are  the  troivel,  to  take  up 
and  spread  the  mortar,  and  to  cut  bricks  to  the  requisite 
leno'th  :  the  brick  axe,  for  shaping  bricks  to  any  required 
bevel ;  the  tin  saw,  for  making  incisions  in  bricks  to  be  cut 
with  the  axe,  and  a  rubbing  stone,  on  Avhich  to  rub  the  bricks 
smooth  after  being  roughly  axed  into  shape.  The  jointer 
and  the  jointing^-ule  are  used  for  running  the  centres  of  the 
mortar-joints.  The  raker,  for  raking  out  the  mortar  from 
the  joints  of  old  brickwork  previous  to  re-pointing.  The 
hammer,  for  cutting  chases  and  splays.  The  banker  is  a 
piece  of  timber  about  6  feet  long,  raised  on  supports  to  a 
convenient  height  to  form  a  table  on  which  to  cut  the 
bricks  to  any  required  gauge,  for  which  moulds  and  bevels 
are  required.  The  crowbar,  pick-axe,  and  shovel  are  used 
in  digging  out  the  foundations,  and  the  rammer  in  punning 
the  ground  round  the  footings,  and  in  rendering  the 
foundation  firm  where  it  is  soft  by  beating  or  ramming. 

To  set  out  the  work  and  to  keep  it  true,  the  bricklayer 
uses  the  square,  the  level,  and  the  plumb-rule  ;  for  circular  or 
battering  work  he  uses  templets  and  battering-rules  ;  lines  and 
pins  are  used  to  lay  the  courses  by ;  and  measuring-rods  to 
take  dimensions.  When  brickwork  has  to  be  carried  up 
in  conjunction  with  stonework,  the  height  of  each  course 
must  be  marked  on  a  gauge-rod,  that  the  joints  of  each  may 
coincide. 

190.  The  bricklayer  is  supplied  with  bricks  and  mortar  by 
a  labourer,  who  carries  them  in  a  hod.  The  labourer  also 
makes  the  mortar,  and  builds  and  strikes  the  scaffolding. 

191.  The  bricklayers'  scalfold  is  constructed  with  stan- 
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dards,  ledgers,  and  putlogs.  The  standards  are  fir  poles, 
from  40  to  50  ft.  long,  and  6  or  7  in.  diameter  at  the 
butt  ends,  which  are  firmly  bedded  in  the  ground.  When 
one  pole  is  not  sufficiently  long,  two  are  lashed  together, 
top  and  butt,  the  lashings  being  tightened  with  wedges. 
The  ledgers  are  horizontal  poles  placed  parallel  to  the 
walls,  and  lashed  to  the  standards  for  the  support  of  the 
putlogs.  The  putlogs  are  cross  pieces  usually  made  of 
birch,  and  about  6  ft.  long,  one  end  resting  in  the  wall,  the 
other  on  a  ledger.  On  the  putlogs  are  placed  the  scaffold 
boards,  which  are  stout  boards  hooped  at  the  ends  to  pre- 
vent them  from  splitting. 

192.  A  bricklayer  and  his  labourer  can  lay  in  a  single 
day  of  9  hours  about  1,000  bricks,  or  about  two  cubic  yards, 
but  generally  his  day's  work  amounts  to  about  400  bricks. 

193.  The  tools  required  for  tiling  are — the  lathing-hani' 
mer,  with  two  gauge  marks  on  it,  one  at  7,  and  the  other  at 
7^2  inches ;  the  iron  lathing  staff,  to  clinch  the  nails ;  the 
trowel,  which  is  longer  and  narrower  than  that  used  for 
brickwork  ;  the  hosse,  for  holding  mortar  and  tiles,  with  an 
iron^hook  to  hang  it  to  the  laths  or  to  a  ladder;  and 
the  striker,  a  piece  of  lath  about  10  in.  long,  for  clearing  off 
the  superfluous  mortar  at  the  feet  of  the  tiles. 

194.  Brickwork  is  measured  and  valued  by  the  rod,  or 
by  the  cubic  yard,  the  price  including  the  erection  and  use 
of  scaffolding,  but  not  centering  to  arches.  Bricknogging, 
pavings,  and  facings,  by  the  superficial  yard.  Digging  and 
steining  of  wells  and  cesspools  by  the  foot  in  depth,  accord- 
ing to  size,  the  price  increasing  with  the  depth.  Plain  tiling 
and  pan  tiling  are  valued  per  square  of  100  feet  or  per  yard 
superficial. 

A  journeyman  bricklayer  receives  from  6i>.  to  76'.  6c?.,  and 
a  labourer  from  3s.  9c?.  to  5s.  'M.  a  day. 


ART  OF  BUILDING.  105 

The  following  memoranda  may  be  useful : — 

Weight  of  different  kinds  of  Earth. 

13  cubic  feet  of  chalk  weigh  one  ton. 

17  „  clay 

18  „  nightsoil  „ 
21i     „  gravel 

23^      „  sand  „ 

Nightsoil  is  removed  in  carts  containing  45  cubic  feet,  or 
2h  tons. 

Twenty-seven  cubic  feet  or  1  cubic  yard  is  called  a  single 

load,  and  2  cubic  yards  a  double  load. 
A  measure  of  lime  is  27  cubic  feet  and  contains  21  striked 

bushels. 

A  bricklayer's  hod  measures  1  ft.  4  in.  x  9  in.  x  9  in.,  and 

contains  10  bricks. 
A  rod  of  brickwork  measures  16^  ft.  square,  1^  brick  thick 

(known  as  reduced  or  standard  thickness),  or  272  ft.  3  in. 

superficial,  or  306  cubic  feet,  or  11|  cubic  yards. 


Table  of  the  Sizes  and  Weights  of  various  Articles. 


Desckiption. 

Length. 

Breadth. 

Thickness. 

Weight. 

! 

ft. 

in. 

ft. 

in 

ft. 

in. 

lbs. 

oz. 

Stock  bricks       .       .  each 

0 

8| 

0 

0 

2\ 

5 

0 

j  Paving  do.         .  • 

0 

9 

0 

0 

1| 

4 

0 

Dutch  clinkers    .       .  ,. 

0 

6i 

0 

3 

0 

u 

I 

8 

12 -in.  paving  tiles      .  ,, 

0 

llf 

0 

111 

0 

ll 

13 

0 

10-in.         do.           .  ,, 

0 

0 

H 

0 

1 

8 

9 

Pantiles     .       .  • 

1 

u 

0 

0 

0^ 

5 

4 

Plain  tiles  .       .  • 

0 

lOi 

0 

6| 

0 

Of 

2 

5 

Pantile  laths  per  10  ft.  bundle 

120 

0 

0 

0 

1 

4 

t) 

Do.         „         12  ft.  do. 

144 

0 

0 

\\ 

0 

1 

•5 

0 

N.B.— A  bundle  contains 

twelve  laths. 

Plain  tile  laths  per  bundle  . 

500 

0 

0 

1 

0 

Of 

3 

0 

N.B.— Thirty  bundles  of 

Isths  make  a  load. 
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A  rod  of  brickwork,  laid  four  courses  to  a  foot  in  height, 

requires  4353  stock  bricks. 
Ditto,  IH  in.  to  4  courses,  4533  stock  bricks. 
Ditto,  13  J  in  to  4  courses,  4000  3  in.  bricks. 

These  calculations  are  made  without  allowing  for 
waste,  which  is  unnecessary,  because  the  space  occu- 
pied by  flues,  bond  timber,  &c.,  and  for  which  no 
deduction  is  made,  more  than  compensates  for  any 
waste ;  and  in  building  dwelling-houses,  4300  stocks 
to  a  rod  is  sufficient. 
If  laid  dry,  5370  stocks  to  the  rod. 
4900  ditto,  in  wells  and  circular  cesspools. 
A  rod  of  brickwork,  laid  4  courses  to  gauge  12  in.,  con- 
tains 235  cubic  feet  of  bricks  and  71  cubic  feet  of  mortar, 
and  weighs  about  15  tons. 
A  rod  of  brickwork  requires  1^  cubic  yard  of  chalk  lime 
and  3  single  loads  of  sand,  or  1  cubic  yard  of  stone  lime 
and  3i  loads  of  sand,  or  17  bushels  of  cement  and  51 
bushels  of  sharp  sand,  mixed  1  to  3. 
A  cubic  yard  of  mortar  requires  9  bushels  of  lime  and  1 
load  of  sand. 

Lime  and  sand,  and  likewise  cement  and  sand,  lose  ^rd  of 

their  bulk  when  made  into  mortar. 
The  proportion  of  mortar  or  cement,  when  made  up,  to  the 

lime  or  cement  and  sand  before  made  up,  is  as  2  to  3. 
Lime  or  cement  and  sand  to  make  mortar  require  as  much 

water  as  is  equal  to  ^rd  of  their  bulk. 
A  cubic  yard  of  concrete  requires  34  cubic  feet  of  material ; 

or,  if  the  gravel  is  to  the  lime  as  6  to  1,  a  cubic  yard  of 

concrete  will  require  1-1  cubic  yard  of  gravel  and  sand 

and  3  bushels  of  cement. 
Facing  requires  7  bricks  per  foot  superficial. 
Gauged  arches,  10  ditto  ditto. 
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Bricknogging  per  yard  superficial  requires  30  bricks  on 
edge,  or  45  laid  flat. 

195.  Paving. 

Stock  bricks  laid  flat  require  36  per  yard  superficial. 
Ditto  on  edge  52  „ 

Paving  bricks  laid  flat  36  ., 

Ditto  on  edge  82 
Dutch  clinkers  ditto     ,,140  ,, 
12-inch  paviug  tiles      „         9  ,, 
10-inch  ditto  „  13 


196.  Tiling.— 


Gauge 

Description.                                          in  Inches, 

No.  required 

per  Square. 

12 

150 

Ditto  

11 

164 

Ditto  

10 

180 

N.B. — A  square  of  pantiling  re- 

quires 1  bundle  of   laths  and  1:^ 

hundred  of  sixpenny  nails. 

Gauge 

Lap 

No.  required 

Desciiption.                              in  Inches. 

in  Inches. 

1  cr  Square. 

With  plain  tiles    ....  4 

600 

Ditto   3f 

3 

650 

Ditto  3* 

700 

N.B.  A  square  of  plain 
tiling  requires  from  300  to 
350  ft.  of  laths,  1  peck  of  tile 
pins,  and  3  hods  of  mortar. 

Plain  tiles  laid  flat    .    .    .  210 


MASON. 

197.  The  business  of  the  mason  consists  in  working  the 
stones  to  be  used  in  a  building  to  their  required  sha(|>e,  and 
in  .iettiiig  them  in  their  places  in  the  work.  Connected 
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with  the  trade  of  the  mason  are  those  of  the  Stonecutter,  who 
hews  and  cuts  large  stones  roughly  into  shape  preparatory 
to  their  being  luorked  by  the  mason,  and  of  the  Carver,  who 
executes  the  ornamental  portions  of  the  stone-work  of  a 
building,  as  enriched  cornices,  capitals,  &c. 

198.  Where  the  value  of  stone  is  considerable,  it  is  sent 
from  the  quarry  to  the  building  in  large  blocks,  and  cut 
into  slabs  and  scantlings  of  the  required  size  with  a  stone- 
mason's saw,  which  differs  from  that  used  in  any  other 
trade  in  having  no  teeth.  It  is  a  long  thin  plate  of  steel, 
slightly  jagged  on  the  bottom  edge,  and  fixed  in  a  frame ; 
and,  being  drawn  backwards  and  forwards  in  a  horizontal 
position,  cuts  the  stone  by  its  own  weight.  To  facilitate 
the  operation,  a  heap  of  sharp  sand  is  placed  on  an  inclined 
plane  over  the  stone,  and  water  alloM^ed  to  trickle  through 
it,  so  as  to  wash  the  sand  into  the  saw -cut.  Of  late  years 
machinery  worked  by  steam-power  has  been  used  for  saw- 
ing marble  into  slabs  to  a  very  great  extent,  and  has  almost 
entirely  superseded  manual  labour  in  this  part  of  the 
manufacture  of  chimney  pieces. 

Some  freestones,  as  Bath-stone,  are  so  soft  as  to  be 
easily  cut  with  a  toothed  saw  worked  backwards  and 
forwards  by  two  persons. 

The  harder  kinds  of  stones,  as  granites  and  gritstones, 
are  brought  roughly  into  shape  at  the  quarry,  with  an  axe 
or  a  scappling  hammer,  and  are  then  said  to  be  scappled. 

199.  The  tools  used  by  the  mason  for  cutting  stone  con- 
sists of  the  mallet  and  chisels  of  various  sizes.  The  mason's 
mallet  differs  from  that  used  by  any  other  artisan,  being 
similar  to  a  dome  in  contour,  excepting  a  portion  of  the 
broadest  part,  which  is  rather  cylindrical ;  the  handle  is 
short,  being  only  sufficiently  long  to  enable  it  to  be  firmly 
grasped. 
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In  liondon  the  tools  used  to  work  the  faces  of  stone  ai-e 
the  point,  which  is  the  smallest  description  of  chisel,  being 
never  more  than  a  quarter  of  an  inch  broad  on  the  cutting 
edge  ;  the  inch  tool ;  the  boaster,  which  is  2  inches  wide  ;  and 
the  broad  tool,  of  which  the  cutting  edge  is  3^  inches  wide. 
The  tools  used  in  working  mouldings  and  in  carving  are  of 
various  sizes,  according  to  the  nature  of  the  work. 

Besides  the  above  cutting  tools  the  mason  uses  the  banker 
or  bench,  on  which  he  places  his  stones  for  convenience  of 
working,  and  straight  edges,  squares,  berels,  and  ieviplets  for 
marking  the  shapes  of  the  blocks,  and  for  trying  the 
surfaces  as  the  work  proceeds.  Any  angle  greater  or  less 
than  a  right  angle  is  called  a  bevel  angle,  and  a  bevel  is 
formed  by  nailing  two  straight  edges  together  at  the  required 
angle ;  a  bevel  square  is  a  square  with  a  shifting  stock  which 
can  be  set  to  any  required  bevel.  A  templet  is  a  pattern 
for  cutting  a  block  to  any  particular  shape  ;  when  the  work 
is  moulded  the  templet  is  called  a  mould.  Moulds  are  com- 
monly made  of  sheet  zinc,  carefully  cut  to  the  profile  of  the 
mouldings  with  shears  and  files. 

For  setting  his  work  in  place  the  mason  uses  the  froivel, 
lines,  and  pins,  the  sq^iare  and  level,  the  plumb  and  battering 
rides,  for  adjusting  the  faces  of  upright  and  battering 
walls. 

200.  The  mason's  scaffold  is  double,  that  is,  formed  with 
two  rows  of  standards,  so  as  to  be  totally  independent  of 
the  walls  for  support,  as  putlog  holes  are  inadmissible  in 
masonry. 

During  the  last  ten  years  the  construction  of  scaffolds 
with  round  poles  lashed  with  cords  has  been  entirely 
superseded  in  large  works  built  of  stone  by  a  system 
of  scaffolding  of  square  timbers  connected  by  bolts  and 
doa:  irons. 
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The  hoisting  of  the  materials  is  performed  from  these 
scaffolds  by  means  of  a  travelling  crane,  which  consists  of  a 
double  travelling  carriage  running  on  a  tramway  formed  on 
stout  sills  laid  on  the  top  of  two  parallel  rows  of  standards. 
The  crab-winch  is  placed  on  the  upper  carriage,  and,  by 
means  of  the  double  motion  of  the  two  carriages,  can  be 
brought  with  great  ease  and  precision  over  any  part  of  the 
work  lying  between  the  two  rows  of  standards. 

The  facilities  which  are  afforded  by  these  scaffolds  and 
travelling  cranes  for  moving  heavy  weights  over  large  areas, 
have  led  to  their  extensive  adoption,  not  only  in  the  erec- 
tion of  buildings,  but  on  landing  wharfs,  mjsons  and  iron- 
founders'  yards,  and  similar  situations,  where  a  great  saving 
of  time  and  labour  is  effected  by  their  use. 

Scaffolding  of  square  timbers  appears  to  have  been  little 
used  in  England  before  A.D.  1837,  Avhen  Messrs.  Cubitt,  of 
Gray's  Inn  Road,  applied  it  to  the  erection  of  the  entrance 
gateway  of  the  Euston  station  of  the  North-Western  Rail- 
way. Since  then  it  has  been  very  generally  used  in  large 
works,  amongst  which  may  be  mentioned  the  Reform  Club 
House,  in  A.D.  1838,  and  the  Nelson  Column,  commenced 
A.D.  1840,  where  it  Avas  carried  up  in  perfect  safety  to  the 
height  of  180  feet:  and  it  has  been  used  on  a  very  large 
scale  at  the  New  Houses  of  Parliament. 

Although  used  in  Scotland  more  than  in  England  this 
kind  of  scaffolding  is  not  a  new  invention.  It  appears  to 
have  been  used  at  Cologne  Cathedral  from  the  first  com- 
mencement of  that  building  in  A.D.  1248.  It  was  also 
used  by  Domenic  Fontana  in  A.D.  1586,  for  erecting  the 
Egyptian  Obelisk  in  front  of  St.  Peter's  at  Rome ;  and 
similar  scaffolding  was  used  in  Paris  in  our  own  times, 
in  erecting  the  Arc  de  I'Etoile  and  the  Eglise  de  la 
Madeleine. 
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201.  The  moveable  derrick  crane  is  also  much  used  in 
setting  mason's  work.  It  consists  of  a  vertical  post,  sup- 
ported by  two  timber  backstays  and  a  long  moveable  jib  or 
derrick  hinged  against  the  post  below  the  gearing. 

By  means  of  a  chain  passing  from  a  barrel  over  a  pulley 
at  the  top  of  the  post,  the  derrick  cm  be  raised  to  an 
almost  vertical,  or  lowered  to  an  almost  horizontal  position, 
thus  enabling  it  to  command  every  part  of  the  area  of 
a  circle  of  a  radius  nearly  equal  to  the  length  of  the 
derrick.  This  gives  it  a  great  advantage  over  the  old 
gibbet  crane,  which  only  commands  a  circle  of  a  fixed 
radius,  and  the  use  of  which  entails  great  loss  of  time 
from  its  constantly  requiring  to  be  shifted  as  the  work 
proceeds. 

Derrick  cranes  appear  to  have  been  first  introduced 
at  Glasgow,  A.D.  1833,  by  Mr.  York,  since  which  their 
original  construction  has  been  very  greatly  improved 
upon,  and  they  are  now  very  extensively  used  and  worked 
by  steam. 

202.  In  hoisting  blocks  of  stone  they  are  attached  to  the 
tackle  by  means  of  a  simple  contrivance 

called  a  lewis,  which  is  shown  in  Fig.  79. 

A  tapering  hole  having  been  cut  in  the 
upper  surface  of  the  stone  to  be  raised, 
the  two  side  pieces  of  the  lewis  are  in- 
serted and  placed  against  the  sides  of  the 
hole ;  the  centre  parallel  piece  a  is  then 
inserted  and  secured"  in  its  place  by  a  pin 
passing  through  all  three  pieces,  and  the 
stone  may  then  be  safely  hoisted,  as  it  is  impossible  for  the 
lewis  to  draw  out  of  the  hole.    By  means  of  the  lewis,  in  a 
slightly  altered  form  from  that  here  shown,  stones  can  be 
lowered  and  set  under  water  without  difficulty,  the  lewis 
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being  disengaged  by  means  of  a  line  attached  to  the  parallel 
piece,  the  removal  of  which  allows  the  others  to  be  drawn 
out  of  the  mortice. 

203.  In  stone-cutting,  the  workman  forms  as  many  plane 
faces  as  may  be  necessary  for  bringing  the  stone  into  the 
required  shape,  with  the  least  waste  of  material  and  labour, 
and  on  the  plane  surfaces  so  formed  applies  the  moulds  to 
Avhich  the  stone  is  to  be  worked. 

To  form  a  plane  surface,  the  mason  first  knocks  off  the 
superfluous  stone  along  one  edge  of  the  block,  as  a,  h  (Fig. 
80)  until  it  coincides  with  a  straight  edge  throughout  its 
whole  length  ;  this  is  called  a  clmel  draught.   Another  chisel 


Fig.  80.  Fig.  81. 


draught  is  then  made  along  one  of  the  adjacent  edges,  as 
h,  c,  and  the  ends  of  the  two  are  connected  by  another 
draught,  as  a  c ;  a  fourth  draught  is  then  sunk  across  the 
last,  as  b,  d,  which  gives  another  angle  point  d,  in  the  same 
plane  with  a,  h,  and  c,  by  which  the  draughts  d  a  and  a  c 
can  be  formed  ;  and  the  stone  is  then  knocked  off  between 
the  outside  draughts  until  a  straight  edge  coincides  with 
its  surface  in  every  part. 

To  form  cylindrical  or  moulded  surfaces  curved  in  one 
direction  only,  the  workman  sinks  two  parallel  draughts  at 
the  opposite  end  of  the  stone  to  be  worked,  until  they 
coincide  with  a  mould  cut  to  the  required  shape,  and  after- 
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wards  works  off  the  stone  between  these  draughts,  by 
a  straight  edge  applied  at  right  angles  to  them  (Fig.  81). 

The  formation  of  conical  or  spherical  surfaces  is  much 
less  simple,  and  requires  a  knowledge  of  the  scientific 
operations  of  stone-cutting,  a  description  of  which  would 
be  unsuited  to  the  elementary  character  of  these  pages. 
The  reader  who  wishes  to  pursue  the  subject  is  therefore 
referred  to  the  volume  of  this  series  on  "Masonry  and 
Stone-cutting,"  where  he  will  find  the  required  information. 

204.  The  finely-grained  stones  are  usually  brought  to  a 
smooth  face,  and  rubbed  with  sand  to  produce  a  perfectly 
even  surface. 

In  working  soft  stones,  the  surface  is  brought  to  a 
smooth  face  with  the  drag,  which  is  a  plate  of  steel,  in- 
dented on  the  edge  like  the  teeth  of  a  saw,  to  take  off  the 
marks  of  the  tools  employed  in  shaping  it. 

The  harder  and  more  coarsely-grained  stones  are  gene- 
rally tooled,  that  is,  the  marks  of  the  chisel  are  left  on  their 
face.  If  the  furrows  left  by  the  chisel  are  disposed  in 
regular  order,  the  work  is  said  to  be  fair-tooled,  but  if  other- 
wise, it  may  be  random-tooled,  or  chiselled,  or  boasted,  or 
pointed.  If  the  stones  project  beyond  the  joints,  the  work 
is  said  to  be  rusticated. 

Granite  and  gritstone  are  chiefly  worked  with  the  scap- 
pling  hammer.  In  massive  erections,  where  the  stones  are 
large,  and  a  bold  effect  is  required,  the  fronts  of  the  blocks 
are  left  quite  rough,  as  they  come  out  of  the  quarry,  and 
the  work  is  then  said  to  be  qimrry  pitched. 

Many  technical  terms  are  used  by  quarry  men  and  others 
engaged  in  working  stone  ;  but  they  need  not  be  inserted 
here,  as  they  are  mostly  confined  to  particidar  locaHties 
beyond  which  they  are  little  known,  or  perhaps  bear  a 
different  signification. 
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205.  When  the  mason  requires  to  give  to  the  joints  of 
his  work  greater  security  than  is  afforded  by  the  weight  of 
the  stone  and  the  adhesion  of  the  mortar,  he  makes  use  of 
joggles,  dowels,  and  cramps. 

Stones  are  said  to  be  joggled  together  when  a  projection 
is  worked  out  on  one  stone  to  fit  into  a  corresponding  hole 
or  groove  in  the  other  {see  Fig.  82).    But  this 
^  occasions  great  labour  and  waste  of  stone,  and 

Fio-  82       dowel-joggels  are  chiefly  made  use  of,  which  are 
hard  pieces  of  stone,  cut  to  the  required  size, 
and  let  into  corresponding  mortices  in  the  two  stones  to  be 
joined  together. 

Dowels  are  pins  of  stone  or  metal  used  to  secure  the 
joints  of  stone-work  in  exposed  situations,  as  copings, 
pinnacles,  &c.  The  best  material  is  copper,  but  the  ex- 
pense of  this  metal  is  against  its  use.  If  iron  be  made  use 
of,  it  should  be  galvanized  to  prevent  oxidation,  or  it  will 
sooner  or  later,  burst  and  split  the  work  it  is  intended  to 
protect.    Dowels  of  slate  are  the  cheapest  and  best. 

Dowels  are  often  secured  in  their  places  with  lead  poured 
in  from  above,  through  a  small  channel  cut  in  the  side  of 
the  joint  for  that  purpose ;  but  a  good  workman  will  eschew 
lead,  which  too  often  finds  its  way  into  bad  work,  and  will 
prefer  trusting  to  very  close  and  workmanlike  joints,  care- 
fully fitted  dowels,  and  fine  mortar ;  dowels  should  be  made 
tapering  at  one  end,  which  ensures  a  better  fit,  and  renders 
the  setting  of  the  stone  more  easy  for  the  workman. 

Cramps  are  used  as  fastenings  on  the  tops  of  copings  and 
in  similar  situations ;  they  should  be  made  of  copper — as 
iron  in  such  exposed  positions  soon  corrodes  and  does  more 
harm  than  good.  If  copper  cannot  be  afforded,  slate  dowels 
should  be  substituted  or  lead  dovetails. 

206.  In  measuring  mason's  work,  the  cubic  content  of 
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the  stone  is  taken  as  it  comes  to  the  hanker,  Avithout  deduc- 
tion for  subsequent  waste. 

If  the  scantlings  are  large,  an  extra  price  is  allowed  for 
hoisting. 

The  labour  in  working  the  stone  is  charged  by  the  super- 
ficial foot,  according  to  the  kind  of  work,  as  plain  work, 
sunk  work,  moulded  work,  &c. 

Pavings,  landings,  &c.,  and  all  stone  less  than  3  in. 
thick,  are  charged  by  the  superficial  foot. 

Copings,  curbs,  window  sills,  &c,,  are  charged  per  lineal 
foot. 

Cramps,  dowels,  mortice  holes,  &c.,  are  always  charged 
separately. 

A  journeyman  mason  will  receive  from  6s.  to  Is.  %d.  per 
day,  and  the  labourer  from  3s.  ^d.  to  5s.  ?>d.  per  day  ;  but 
masons  Avorking  at  piece-work,  or  at  any  work  requiring 
particular  skill,  will  often  earn  much  more. 

The  remuneration  of  a  stons  carver  is  dependent  on  his 
talent,  and  the  kind  of  work  he  is  engaged  upon. 

The  following  table  of  the  weights  of  different  kinds  of 
stone  Avill  convey  an  idea  of  their  relative  hardness,  and  of 
the  labour  required  to  work  them. 

Table  of  the  Weight  of  different  hinds  of  Stone. 

13  cubic  feet  of  marble  weigh  one  ton 
13i         ,,         granite  ,, 

14  ,,  Purbeck  stone  ,, 
14-^-         ,,  Yorkshire  stone  ,, 

16  ,,         Derbyshire  grit  ,, 

17  ,,  Portland  stone  ,, 

18  ,,  Bath  stone  ,, 

58  ft.  superficial  of  3-in.  York  paving  weigh  one  ton  ;  and 
70  ft.  superficial  of  22-in.  York  paving  weigh  one  ton. 
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CARPENTER. 

207.  The  business  of  the  carpenter  consists  in  framing 
timbers  together,  for  the  construction  of  roofs,  partitions, 
floors,  &c. 

208.  The  carpenter's  principal  tools  are  the  axe,  the 
adze,  the  saw,  and  the  chisel,  to  which  may  be  added  the 
chalk-line,  plumb-rule,  level,  and  square. 

The  work  of  the  carpenter  (it  should  be  remarked) 
does  not  require  the  use  of  the  plane,  which  is  one  of 


Fig.  83. 


t  he  principal  tools  of  the  joiner,  and  this  forms  the  prin- 
cipal distinction  between  the  two  trades,  the  carpenter 
being  engaged  in  the  rough  framework,  and  the  joiner 
on  the  finishings  and  decorations,  of  buildings. 

209.  The  principles  of  framing  have  been  already  fully 
described  in  the  First  Section  of  this  work,  and  wc  shall 
therefore  confine  our  remarks  on  the  operations  of  the 
carpenter  to  a  description  of  the  principal  joints  made  use 
of  in  framing. 

Timbers  that  have  to  be  joined  in  the  direction  of  their 
length  are  scarfed,  as  shown  in  Fig.  83  ;  the  double  wedges, 
a  a,  serve  to  bring  the  timbers  home,  when  they  are  secured, 
either  by  bolts,  as  siiowu  at  h  h,  or  by  straps,  as  at  c  c,  the 
latter  being  the  moat  uerfect  and  the  most  expensive 
fastening. 
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Fig.  84  shows  the  manner  of  connecting  the  foot  of  a 
principal  rafter  with  a  tie-beam.  The  bolt  here  shewn 
keeps  the  rafter  in  its  place,  and  prevents  it  from  slipping 


Fig.  84. 

away  from  the  abutment  cut  for  it,  which,  by  throwing  the 
thrust  on  the  tenon,  would  probably  split  it.  The  end  of 
the  rafter  should  be  cut  with  a  square  butt,  so  that  the 
shrinkage  of  the  timber  will  not  lead  to  any  settlement. 

The  connection  of  the  foot  of  a  king-post  with  the  tie- 
beam  to  be  suspended  from  it  is  shown  in  Fig.  85. 

The  king-post  should  be  cut 
somewhat  short,  to  give  the 
power  of  screwing  up  the  framing 
after  the  timber  has  become  fully 
seasoned.  The  tie-beam  may  be 
suspended  from  the  king-post, 
either  by  a  bolt,  as  shown,  or  by 
a  strap  passed  round  the  tie-beam 
and  secured  by  iron  wedges  or 
cotters,  passing  through  a  hole 
in  the  king-post ;  this  last  is  the 

more  perfect,  but  at  the  same  time  the  more  expensive  of 
the  two  methods. 

Fig.  85  also  shows  the  manner  in  Avhich  the  feet  of  the 
struts  butt  upon  the  king-post.  They  are  slightly  tenoned 
to  keep  them  in  their  places. 
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The  ends  of  a  strut  should  be  cut  off  as  nearly  square  as 
possible,  otherwise,  when  the  timber  shrinks,  which  it  will 
always  do,  more  or  less,  the  thrust  is  thrown  upon  the  edge 
only,  which  splits  or  crushes  under  the  pressure,  and  causes 
settlement. 

This  is  shown  out  by  the  dotted  lines  on  the  right-hand 
side  of  the  cut.  The  dotted  lines  on  the  opposite  side  of 
the  figure  show  a  similar  effect,  produced  by  the  shrinking 
of  the  king-post,  for  which  there  is  no  preventative  but 
making  it  of  oak,  or  some  other  hard  wood.    The  same 


observations  apply  to  the  connections  of  the  principal 
rafters  with  the  top  of  the  king-post,  which  are  managed  in 
a  precisely  similar  manner. 

In  Figures  86,  87,  and  88,  are  shown  different  methods 
of  fixing  purlins,  which  are  sufficiently  explained  by  the 
figures  to  need  no  further  description. 

In  Figures  41,  42,  43,  and  44,  are  shown  the  modes  of 
framing  the  ends  of  binding  joists  into  girders,  and  of 
connecting  the  ceiling  joists  with  the  binders ;  and  as  these 
have  been  already  described  under  the  head  of  "  Floors," 
it  is  unnecessary  here  to  say  anything  further  on  the 
subject. 
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As  a  general  rule,  all  timbers  should  be  notched  down  to 
those  on  which  they  rest,  so  as  to  prevent  their  being 
moved  either  lengthways  or  sideways.  Where  an  upright 
post  has  to  be  fixed  between  two  horizontal  sills,  as  in  the 
case  of  the  uprights  of  a  common  framed  partition,  it  is 
simply  tenoned  into  them,  and  the  tenons  secured  with  oak 
pins  driven  through  the  cheeks  of  the  mortise. 

210.  The  carpenter  requires  considerable  bodily  strength 


Fig.  88. 

for  the  handling  of  the  timbers  on  which  he  has  to  work  ; 
he  should  have  a  knowledge  of  mechanics,  that  he  may 
understand  the  nature  of  the  strains  and  thrusts  to  which 
his  work  is  exposed,  and  the  best  method  of  preventing  or 
resisting  them ;  and  he  should  have  such  a  knowledge  of 
working  drawings  as  will  enable  him,  from  the  sketches  of 
the  architect,  to  set  out  the  lines  for  every  description  of 
centering  and  framing  that  may  be  entrusted  to  him  for 
execution. 

211.  In  measuring  carpenters'  work  the  tenons  are  in- 
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eluded  in  the  length  of  the  timber ;  this  is  not  the  case 
in  joinei^s'  work,  in  which  they  are  allowed  for  in  the 
price. 

The  labour  in  framing,  roofs,  partitions,  floors,  &c.,  is 
either  valued  at  per  square  of  100  superficial  feet,  and  the 
timber  charged  for  separately,  or  the  timber  is  charged  as 
"  fixed  in  place,"  the  price  varying  according  to  the  labour 
on  it,  as  "  cube  fir  in  bond,"  "  cube  fir  framed,"  "  cube  fir 
wrought  and  framed,"  &c.  For  shoring  ^rd  of  the  vahie  of 
the  timber  is  allowed  for  use  and  waste. 

The  Avages  of  a  journeyman  carpenter  are  from  6s.  to 
7s.  Qd.  per  day. 

JOINER. 

212.  The  work  of  the  joiner  consists  in  framing  and 
joining  together  the  wooden  finishings  and  decorations  of 
buildings,  both  internal  and  external,  such  as  floors,  stair- 
cases, framed-partitions,  skirtings,  solid  door  and  window 
frames,  hollow  or  cased  window  frames,  sashes  and  shutters, 
doors,  columns  and  entablatures,  chimney-pieces,  &c.,  &c. 

The  joiner's  work  requires  much  greater  accuracj'  and 
finish  than  that  of  the  carpenter,  and  differs  materially 
from  it  in  being  brought  to  a  smooth  surface  with  the  plane 
wherever  exposed  to  view,  whilst  in  carpenters'  work  the 
timber  is  left  rough  as  it  comes  from  the  saw. 

213.  The  joiner  uses  a  great  variety  of  tools ;  the 
principal  cutting  tools  are  saws,  planes,  and  chisels. 

Of  saws  there  are  many  varieties,  distinguished  from  each 
other  by  their  shape  and  by  the  size  of  the  teeth. 

The  ripper  has  8  teeth  in  3  inches ;  the  half-iipper  3  teeth 
to  the  inch ;  the  Jiand  saw  15  teeth  in  4  inches  ;  the  pa^iel 
saw  6  teeth  to  the  inch. 

The  tenon  saw,  used  for  cutting  tenons,  has  about  8  teeth 
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to  the  inch,  and  is  strengthened  at  the  hack  by  a  thick  piece 
of  iron,  to  keep  the  blade  from  Imckh'ng.  The  sash  saio  is 
similar  to  the  tenon  saw,  but  is  backed  with  brass  instead 
of  iron,  and  has  13  teeth  to  the  inch.  The  dovetail  saw  is 
still  smaller,  and  has  15  teeth  to  the  inch. 

Besides  the  above,  other  saws  are  used  for  particular 
purposes,  as  the  compass  saw,  for  cutting  circular  work,  and 
the  key-hole  sa?(;,  for  cutting  out  small  holes.  The  carcase 
saw  is  a  large  kind  of  dovetail  saw,  having  about  11  teeth 
to  an  inch. 

214.  Planes  are  also  of  many  kinds;  those  called  bench 
planes — as  the  jack  plane,  the  trying  plane,  the  long  plane, 
the  jointer,  and  the  smoothing  plane,  are  used  for  bringing 
the  stuff  to  a  plane  surface.  The  jack  plane  is  about  18  in. 
long,  and  is  used  for  the  roughest  work.  The  trying  plane 
is  about  22  in.  long,  and  used  after  the  jack  plane  for  ^r^/mr/ 
up,  that  is,  taking  off  shavings  the  whole  length  of  the 
stuif ;  whilst  in  using  the  jack  plane  the  workman  stops 
at  every  arm's  length.  The  long  j)lane  is  2  ft.  3  in.  long, 
and  is  used  when  a  piece  of  stuff  is  to  be  tried  up  very 
straight.  The  jointer  is  2  ft.  6  in.  long,  and  is  used  for 
trying  up  or  shooting  the  joints,  in  the  same  way  as  the 
trying  plane  is  used  for  trying  up  the  face  of  the  stuff. 
The  smoothing  plane  is  small,  being  only  7h  in.  long,  and 
is  used  on  almost  all  occasions  for  cleaning 
ofl["  finished  work, 

liehate  planes  are  used  for  sinking  rebates 
(see  Fig.  89),  and  vary  in  their  size  and 
shape  according  to  their  respective  uses.        Yig.  89. 
Rebate  planes  differ  from  bench  planes  in 
having  no  handle  rising  out  of  the  stock,  and  in  discharging 
their  shavings  at  the  side.    Amongst  the  rebate  planes  may 
be  mentioned  the  moving  fillister  and  the  sash  fillister,  the 
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uses  of  which  will  be  better  understood  by  inspection  than 
from  any  description. 

Moulding  planes  are  used  for  sticking  mouldings,  as  the 
operation  of  forming  mouldings  with  the  plane  is  called. 
When  mouldings  are  worked  out  with  chisels  instead  of 
with  planes,  they  are  said  to  be  worked  hy  hand.  Of  the 
class  of  moulding  planes,  although  kept  separate  in  the  tool 
chest,  are  hoUows  and  rounds  of  various  sizes. 

There  are  other  kinds  of  planes  besides  the  above ;  as 
the  plough,  for  sinking  a  groove  to  receive  a  projecting 
tongue ;  the  bead  plane,  for  sticking  beads ;  the  snijM  hill  for 
forming  quirks  ;  the  compass  plane  and  the  forkstaff plane  for 
forming  concave  and  convex  cylindrical  surfaces.  The  shape 
and  use  of  these  and  many  other  tools  used  by  the  joiner 
will  be  better  understood  by  a  visit  to  the  joiner's  shop  than 
by  any  verbal  description. 

215.  Chisels  are  also  varied  in  their  form  and  use. 
Some  are  used  merely  with  the  pressure  of  the  hand,  as 
the  paring  chisel ;  others,  by  the  aid  of  the  mallet,  as  the 
socket  chisel,*  for  cutting  away  supei'fluous  stuff;  and  the 
mmiise  chisel,  for  cutting  mortises.  The  gouge  is  a  curved 
chisel. 

216.  The  joiner  uses  a  great  variety  of  boring  tools,  as 
the  Irad-awl,  gimlet,  and  stock  and  hit.  The  last  form  but 
one  tool,  the  stock  being  the  handle,  to  the  bottom  of  which 
may  be  fitted  a  variety  of  steel  bits  of  different  bores  and 
shapes,  for  boring  and  widening  out  holes  in  wood  and 
metal,  as  countersinks,  rimers,  and  taper  shell  hits. 

217.  The  screiv-driver,  pincers,  Juimmer,  mallet,  hatchet,  and 
adze,  are  too  well  known  to  need  description. 

The  gauge  is  used  for  drawing  lines  on  a  piece  of  stuff 
parallel  to  one  of  its  edges. 

*  Named  from  the  iron  forming'  a  socket  to  receive  a  wooden  handle. 
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The  bench  is  one  of  the  most  important  of  the  joiner's 
implements.  It  is  furnished  with  a  vertical  sideboard,  per- 
forated with  diagonal  ranges  of  holes,  which  receive  the 
bench  pin  on  which  to  rest  the  lower  end  of  a  piece  of  stuff 
to  be  planed,  whilst  the  upper  end  is  firmly  clamped  by  the 
bench  screw. 

The  mitre  box  is  used  for  cutting  a  piece  of  stuff  to  a  mitre 
or  angle  of  45  degrees  with  one  of  its  sides. 

The  joiner  uses  for  setting  out  and  fixing  his  work— 
the  straight  edge,  the  square,  the  bevel  or  square  with  a 
shifting  blade,  the  mitre  square,  the  level,  and  the  plumb 
rule. 

In  addition  to  the  tools  and  implements  above  enu- 
merated, the  execution  of  particular  kinds 
of  work  requires  other  articles,  as  cylin- 
ders, templets,  cramps,  &c.,  the  descrip- 
tion of  which  would  unnecessarily  extend 
the  limits  of  this  volume. 

218.  All  the  aforegoing  tools  would  be 
required  by  a  joiner  if  machines  were  not         pjg.  go. 
to  be  procured,  but  nowadays  machines 
do  all  the  planing,  thicknessing,  tenoning,  mortising,  scrol- 
ling, scribing  and  dovetailing— the  joiner  has  only  to  set 

out  the  work,  put  it  together, 
and  fix  it. 

The  manner  of  forming  a  dove- 
tail is  shown  in  Fig.  90.  The 
projecting  part,  a,  is  called  the 
pin,  and  the  hole  to  receive  it  is 
called  the  socket. 
Fig.  91.  Mortising  is  shown  in  Fig.  91  ; 

the  projecting  piece  is  called  the 
tenon,  and  the  hole  formed  to  receive  it  the  mortise.  The 
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tenon  is  sometimes  pinned  in  its  place  with  oak  pins  driven 
through  the  cheeks  of  the  mortise,  but  in  forming  doors, 
shutters,  &c.,  the  tenon  is  secured  with  tapering  wedges 
driven  into  the  mortise,  which  is  cut  slightly  wider  at  the 
top  than  at  the  bottom,  the  adhesion  of  the  glue  with  which 
the  wedges  are  first  rubbed  over,  making  it  impossible  for 
the  tenon  afterwards  to  draw  out  of  its  place. 

219.  Joints  in  the  length  of  the  stuff  may  be  either 
square,  as  at  a,  Fig.  92,  or  rebated,  as  at  b,  or  grooved  and 


Fig.  92. 

tongued,  as  at  c,  or  grooved  on  each  edge  and  a  tongue  let 
in,  as  at  d,  or  dowelled  with  hardwood  pins  as  e. 

220.  Scribing  is  the  drawing  on  a  piece  of  stuff  the  exact 
profile  of  some  irregular  surface  to  which  it  is  to  be  made 
to  fit :  this  is  done  with  a  pair  of  compasses,  one  leg  of 
which  is  made  to  traverse  the  irregular  surface,  the  other  to 
describe  a  line  parallel  thereto  along  the  edge  of  the  stuff  to 
be  cut. 

221.  In  the  execution  of  circular,  or,  as  it  is  termed, 
sweep  loorlc,  there  are  two  different 
methods  by  which  the  stuff  can  be 
brought  to  the  required  curve  : — 

1st.  It  may  be  steamed  and 
bent  into  shape. 
Fig.  93.  2n(l.  It  may  be  glued  up  in 

thicknesses,  as  shown  in  Fig.  93, 
which  must,  when  thoroughly  dry,  be  planed  true,  and, 
if  not  to  be  painted,  covered  with  a  thin  veneer  bent 
round  it. 
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222.  When  a  number  of  boards  are  secured  together  by 
cross-pieces  or  ledges  nailed  or  screwed  at  the  back,  the 
work  is  said  to  be  ledged  {see  Fig.  94).  Ledged  work  is  used 
for  common  purposes,  as  cellar  doors,  outside  shutters,  &c., 
and  the  door  is  prevented  from  sagging  by  the  insertion  of 
braces  rising  from  the  hanging  side  as  Fig.  95,  whch  is 
called  a  ledged  and  braced  door,  or  a  further  improvement  may 
be  made  by  framing  together  the  styles,  rails  and  braces,  and 
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Fig.  94. 
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Fig.  95. 


Fig.  96. 


Fig.  97. 


nailing  thereon  the  boarding  or  cleading,  the  middle  rail  and 
braces  being  of  less  thickness  than  the  styles,  to  allow  of  the 
boarding  on  them  coming  flush  with  the  styles.  See  Fig.  96. 

Panelled  work  (Fig.  97)  consists  of  styles  and  rails  mortised 
and  tenoned  together,  and  filled  in 
with  panels,  the  edges  of  which  fit  in 
grooves  cut  for  that  purpose  in  the 
styles  and  rails.  Work  is  said  to  be 
clamped  when  it  is  prevented  from 
warping  or  splitting  by  a  rail  at  each 
end,  as  in  Fig.  98  ;  if  the  ends  of  the 
rails  are  cut  off',  as  shown  at  a,  it  is  said  to  be  mitre  clamped. 

223.  There  are  two  ways  of  laying  floors  practised  by 
joiners.  In  laying  what  is  called  a  straight  joint  floor,  from 
the  joints  between  the  boards  running  in  an  unbroken  line 
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from  wall  to  wall,  each  board  is  laid  down  and  nailed  in 
succession,  being  first  forced  firmly  against  the  one  last  laid 
with  a  flooring  cramp. 

Folding  fioors  are  laid  by  nailing  down  first  every  fifth 
board  rather  closer  together  than  the  united  widths  of  four 
boards,  and  forcing  the  intermediate  ones  into  the  space 
left  for  them  by  jumping  upon  them  ;  this  method  of  laying 
floors  is  resorted  to  when  the  stuff"  is  imperfectly  seasoned 
and  is  expected  to  shrink,  but  it  should  never  be  allowed  in 
good  Avork. 

The  narrower  the  stufT  with  which  a  floor  is  laid  the  less 
will  the  joints  open,  on  account  of  the  shrinkage  being  dis- 
tributed over  a  greater  number  of  joints. 

The  floor  boards  may  be  nailed  at  their  edges,  rebated, 
grooved  and  tongued  or  dowelled,  if  it  be  wished  to  make  a 
very  perfect  floor.  Dowelling  is  superior  to  grooving  and 
tonguing,  because  the  cutting  away  the  stuff  to  receive  the 
tongue  greatly  weakens  the  edges  of  the  joint,  which  are 
apt  to  curl. 

224.  Glue  is  an  article  of  great  importance  to  the  joiner ; 
the  strength  of  his  work  depending  much  upon  its  adhesive 
properties. 

The  best  glue  is  made  from  the  skins  of  animals ;  that 
from  the  sinewy  or  horny  parts  being  of  inferior  quality. 
The  strength  of  the  glue  increases  with  the  age  of  the  ani- 
mals from  which  the  skins  are  taken. 

225.  Joiners'  work  is  measured  by  the  superficial  or 
lineal  foot,  according  to  its  description. 

Floors  by  the  square  of  1 00  superficial  feet. 

Handrails,  small  mouldings,  water-trunks,  and  similar 
articles,  per  lineal  foot. 

Cantilevers,  trusses,  cut  brackets,  scrolls  to  handrails, 
&c.,  are  valued  per  piece. 
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The  wages  of  a  joiner  are  from  6s.  to  7s.  6c^.  per  day. 
The  following  memoranda  relative  to  carpenters'  and 
joiners'  work  may  be  found  useful. 

freight  of  Timber. 

34  cubic  feet  of  mahogany  weigh  one  ton 
39        „  oak  „  „ 

45        „  ash  „  „ 

51        „  beech  „ 

60        „  elm  „  „ 

65        „  fir  „  „ 

50  cubic  feet  of  timber  1  load. 

120  deals  =  one  hundred. 

120  12  ft.  3  in.  deals  =  5f  loads  of  timber. 


400  superficial  feet  H  in-  deal  =  1  load. 

Planks  are  11  in.  wide. 

Deals  9  „ 

Battens  7  „ 


A  reduced  deal  is  H  in-  thick,  11  in.  wide,  and  12  feet 
long. 

A  square  of  flooring  laid  with  12  feet  deals  requires 


Laid  rough   12^  floorboards 

Ditto,  edges  shot   12^  „ 

Wrought  and  laid  folding    ...  13  ,, 

Ditto,  straight  joint   13i  ,, 

Wrought  and  laid  straight  joint,  and 

ploughed  and  tongued     ...  14  ,, 
If  laid  Avith  12  ft.  battens. 

Wrought,  and  laid  folding  ...  17  „ 

Ditto,  ditto,  straight  joint  ...  18  „ 


226.  Ironmongery  is  charged  for  with  the  work  to  which 
it  is  attached ;  the  joiner  being  allowed  10  per  cent,  profit 
upon  the  prime  cost. 
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The  principal  articles  of  ironmongery  used  in  a  building 
consist  of  nails  and  screws,  sash  putties,  bolts,  hinges,  locks, 
latches,  and  sasli  and  shatter  f  urniture,  besides  a  great  variety 
of  miscellaneous  articles,  which  we  have  not  space  to 
enumerate. 

227.  Of  the  different  kinds  of  hinges  may  be  mentioned 
hook  and  eye  hinges,  for  gates,  coach-house  doors,  &c. ;  hutts 
and  back-flaps,  for  doors  and  shutters ;  cross  garnets  of  J— 
form,  Avhich  are  used  for  hanging  ledged  doors,  and  other 
inferior  work :  H  and  H—  hinges,  whose  name  is  derived 
from  their  shape ;  and  parliament  hinges. 

Besides  these  are  used  rising  butts,  for  hanging  doors  to 
rise  over  a  carpet,  or  other  impediment :  projecting  butts, 
used  when  some  projection  has  to  be  cleared,  and  spring 
hinges  and  siving  cejitres,  for  self-shutting  doors. 

228.  The  variety  of  locks  now  manufactured  is  almost 
infinite.  We  may  mention  the  stock  lock,  cased  in  wood,  for 
common  work.  liim  locks,  which  have  a  metal  case  or  rim, 
and  are  attached  to  one  side  of  a  door  ;  they  should  not  be 
used  when  a  door  has  sufficient  thickness  to  allow  of  a 
mortise  lock,  as  they  often  catch  the  dresses  of  persons 
passing  through  the  doorway.  Mortise  locks,  as  the  name 
implies,  are  those  which  are  mortised  into  the  thickness  of 
the  door. 

The  handles  and  escutcheons  are  called  the  furniture  of 
a  lock,  and  are  made  of  a  great  variety  of  materials,  as  brass, 
bronze,  ebony,  ivory,  glass,  &c. 

229.  Of  latches,  there  are  the  common  thumb  latch,  the 
bow  latch,  with  brass  knobs,  the  brass  pulpit  latch,  and  the 
mortise  latch. 

230.  The  sawyer  is  to  the  carpenter  and  joiner  what  the 
stone-cutter  is  to  the  mason. 

ThQ  pit-saw  is  a  large  two- handed  saw  fixed  in  a  frame, 
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and  moved  up  and  down  in  a  vertical  direction  by  two  men 
called  the  top-man  and  the  pit-man ;  the  first  of  whom 
stands  on  the  timber  that  is  to  be  cnt,  the  other  at  the 
bottom  of  the  saw-pit.  The  timber  is  lined  out  with  a  chalk 
line  on  its  upper  surface,  and  the  accuracy  of  the  work 
depends  mainly  on  the  top-man  keeping  the  saw  to  the  line, 
whence  the  proverbial  expression  top-sinui/er,  meaning  one 
who  directs  any  undertaking. 

In  sawing  up  deals  and  battens  into  thicknesses  for  the 
joiner's  use,  the  parallelism  of  the  cuts  is  of  the  utmost  im- 
portance, as  the  operation  of  taking  out  of  winding  a  piece 
of  uneven  stuff,  causes  a  considerable  waste  of  material,  and 
much  loss  of  time. 

Circular  saws,  moved  by  steam  power,  are  now  much  used 
in  large  establishments,  timber  yards,  &c.,  and  effect  a 
great  saving  of  labour  over  the  use  of  the  pit  saw,  where 
the  timbers  to  be  cut  are  not  too  heavy  to  be  easily  handled. 
The  saw  is  mounted  in  the  middle  of  a  stout  bench,  furnished 
with  guides,  by  means  of  which  the  stuff  to  be  cut  is  kept 
in  the  required  direction,  whilst  it  is  pushed  against  the 
saw,  which  is  the  whole  of  the  manual  labour  required  in 
the  operation. 

SLATER. 

231.  The  business  of  the  slater  consists  chiefly  in 
covering  the  roofs  of  houses  with  slates,  but  it  has  of  late 
years  been  very  much  extended  by  the  general  introduction 
of  sawn  slate,  as  a  material  for  shelves,  cisterns,  baths, 
chimney  pieces,  and  even  for  ornamental  purposes. 

We  purpose  here  to  describe  only  those  operations  of  the 
slater  which  have  reference  to  the  covering  of  roofs, 

232.  Besides  the  tools  which  are  in  common  use  among 
other  artificers,  the  slater  uses  one  peculiar  to  his  trade, 
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called  the  zax,  which  is  a  kind  of  hatchet,  with  a  sharp 
point  at  the  back.  It  is  used  for  trimming  slates,  and 
making  the  holes  by  which  they  are  nailed  in  their 
places. 

233.  Slates  are  laid  either  on  boarding  or  on  narrow  bat- 
tens, from  2  to  3  inches  wide,  the  latter  being  the  more 
common  method,  on  account  of  its  being  less  expensive  than 
the  other. 

The  nails  used  should  be  either  copper  or  zinc ;  iron  nails 
though  sometimes  used,  being  objectionable  from  theii' 
liability  to  rust. 

Every  slate  should  be  fastened  with  two  nails,  except  in 
the  most  inferior  work. 

The  upper  surface  of  a  slate  is  called  its  hack,  the  under 
surface  the  hed,  the  lower  edge  the  tail,  the  upper  edge  the 
limd.  The  part  of  each  course  of  slates  exposed  to  view  is 
called  the  margin  of  the  course,  and  the  width  of  the  margin 
is  called  the  gauge. 

The  lond  or  larp  is  the  distance  which  the  lower  edge 
of  any  course  overlaps  the  slates  of  the  second  course 
below. 

In  preparing  slates  for  use,  the  sides  and  bottom  edges 
are  trimmed,  and  the  nail-holes  punched  as  near  the  head 
as  can  be  done,  without  risk  of  breaking  the  slate,  and  at  a 
uniform  distance  from  the  tail. 

The  lap  having  been  decided  upon  the  guage  will  be  one 
half  of  the  length  of  the  slate,  after  the  amount  of  the  lap 
has  been  subtracted.     Thus  a  countess  slate  (20  in.  x 
10  in.)  laid  to  a  3  in.  lap  will  show  a  margin  of  8J  in. 
20  in.  —  3  in.  17 

•  2   ="2  "  ('^'^^  ^^S^-  -^^^'^ 

The  battens  are  of  course  nailed  on  the  rafters  at  the 
gauge  to  which  the  slates  will  work.    If  the  slates  are  of 
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different  lengths,  they  must  be  sorted  into  sizes,  and  gauged 
accordingly,  the  smallest  sizes  being  placed  nearest  the 
ridge.  The  lap  should  not  be  less  than  2  in.,  and  need  not 
exceed  3  in. 

It  is  essential  to  the  soundness  as  well  as  the  appearance 
of  slaters'  work,  that  the  slates  should  all  be  of  the  same 
width,  and  the  edges  perfectly  true. 

The  Welsh  slates  are  lightest  and  cheapest,  and  are  of  a 
light  and  dark  blue  colour.  The  Westmoreland  slates 
are  of  a  dull  greenish  hue,  and  heavy  and  expensive. 


The  copper  nails  should  weigh  from  5  to  8  lbs.  per 
thousand. 

234.  Slaters'  work  is  measured  by  the  square  of  100 
superficial  feet,  allowances  being  made  for  the  trouble 
of  cutting  the  slates  at  the  hips,  eaves,  round  chimneys 


Slabs  for  cisterns,  baths,  shelves,  and  other  .sawn  work, 
are  charged  per  superficial  foot,  according  to  the  thickness 
of  the  slab,  and  the  labour  bestowed  on  the  work. 

Rubbed  edges,  grooves,  &c.,  are  charged  per  lineal  foot. 


Fig.  99. 


Fig.  100. 


&C. 
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Table  of  the  Sizes  of  Roofing  Slates. 


Dbscmption. 

Siz 

Lengfth. 

e. 

Brdth. 

Average 
gauge  in 
inches. 

No.  of 
squares  1200 
will  cover  laid 
to  3  in.  lap. 

"Weight  per 
1200  in  tons. 

No.  required 
to  cover  one 
square, 
3  in.  lap. 

No.  of  nails 
required  to 
one  square. 

ft. 

Id. 

ft. 

in. 

Doutles  .    .  . 

1 

1 

0 

6 

5 

21 

^2 

3 
4 

480 

960 

Ladies     .  . 

1 

4 

0 

8 

41 

*2 

H 

280 

560 

Countesses  .  . 

1 

8 

0 

10 

H 

7 

2 

176 

352 

Duchesses    .  . 

2 

0 

1 

0 

101 

10 

3 

127 

254 

Imperials 

Rags  and  Queens 

2 
3 

6 
0 

to  to 

0 
0 

1  a  ton 

will  cover  2|  to 

2g  squares. 

Westmorelands, 

of  various  sizes 

do. 

do. 

2  to 

21  do 

Incli  slab  per  foot  superficial  weighs  14  lbs. 


A  journeyman  slater  receives  about  6s.  6d.  per  day,  and 
his  labourer  about  4s.  6d 

PLASTERER. 

235.  The  work  of  the  plasterei'  consists  in  covering  the 
brickwork  and  naked  timbers  of  walls,  ceilings,  and  parti- 
tions with  plaster,  to  prepare  them  for  painting,  papering, 
or  distempering  ;  and  in  forming  cornices,  and  such  decor- 
ative portions  of  the  finishings  of  buildings  as  may  be 
required  to  be  executed  in  plaster  or  cement. 

236.  The  plasterer  uses  a  variety  of  tools,  of  which  the 
following  are  the  principal  ones  : — 

The  drag  is  a  three-pronged  rake,  used  to  mix  the  hair 
with  the  moi  tar  in  preparing  coarse  stuff. 

The  hawk  is  a  small  square  board  for  holding  stuff  on, 
with  a  short  handle  on  the  under  side. 

Trowels  are  of  two  kinds,  the  laying  and  smoothing  tool 
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with  which  the  first  and  the  last  coats  are  laid,  and  the, 
gauging  troivel,  used  for  gauging  fine  stuff  for  cornices,  &c., 
these  are  made  of  various  sizes,  from  3  to  7  in.  long. 

Of  floats,  which  are  used  in  floating,  there  are  three  kinds, 
viz,  the  Derby,  which  is  a  rule  of  such  length  as  to  require 
two  men  to  use  it ;  the  hand  float,  which  is  used  in  finish- 
ing stucco ;  and  the  quirk  float,  which  is  used  in  floating 
angles. 

Moulds,  for  running  cornices,  are  made  of  sheet  copper, 
cut  to  the  profile  of  the  moulding  to  be  formed,  and  fixed 
in  a  Avooden  frame. 

Stopping  and  picking  out  tools  are  made  of  steel,  7  or  8  in. 
long,  and  of  various  sizes.  They  are  used  for  modelling, 
and  for  finishing  mitres  and  returns  to  cornices. 

237.  Materials. — Coarse  stuff,  or  lime  and  hair,  as  it  is 
usually  called,  is  similar  to  common  mortar,  with  the  addi- 
tion of  clean  long  hair  from  the  tanner's  yard,  which  is 
thoroughly  mixed  with  the  mortar  by  means  of  the  drag. 

Fine  stuff  is  made  of  pure  lime,  slaked  with  a  small 
quantity  of  water,  after  which,  sufficient  water  is  added  to 
bring  it  to  the  consistence  of  cream. 

It  is  then  allowed  to  settle,  and  the  superfluous  water 
being  poured  off,  it  is  left  in  a  binn  or  tub  to  remain  in  a 
semifluid  state  until  the  evaporation  of  the  water  has 
brought  it  to  a^  proper  thickness  for  use.  In  using  fine 
stuff'  for  setting  ceilings,  a  small  portion  of  white  hair  is 
mixed  with  it. 

Stucco  is  made  with  fine  stuff,  and  clean-washed  sand. 
This  is  used  for  finishing  work  intended  to  be  painted, 

Gauged  stuff'  is  formed  of  fine  stuff  mixed  with  plaster 
of  Paris,  the  proportion  of  plaster  varying  according  to  the 
rapidity  with  which  the  work  is  required  to  set.  Gauged 
stuff  is  used  for  running  cornices  and  mouldings. 
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Enrichments,  such  as  pateras,  centre  flowers  for  ceiHngs, 
&c.,  are  first  modelled  in  clay,  and  afterwards  cast  of  plaster 
of  Paris  in  wax  or  plaster  moulds.  Fibrous  plaster  orna- 
ments also  are  much  used,  and  have  the  advantage  of  being 
very  light,  and  being  easily  and  securely  fixed  with  screws. 

The  variety  of  compositions  and  cements  made  use  of  by 
the  plasterer  is  very  great.  Eoman  cement  and  Portland 
cement  are  the  principal  ones  used  for  coating  buildings 
externally.  Martin's  Parian  and  Keene's  cements  are  well 
adapted  for  all  internal  plastering  where  sharpness,  hard- 
ness, and  delicate  finish  are  required. 

238,  Operations  of  Plastering. — When  brickwork  is  plas- 
tered, the  first  coat  is  called  rendering. 

In  plastering  ceilings  and  partitions,  the  first  operation 
is  lathing.  This  is  done  with  single,  one  and  a-half,  or  double 
laths ;  these  names  denoting  their  respective  thicknesses. 
Laths  are  either  of  oak  or  fir  ;  if  the  former,  wrought-iron 
nails  are  used,  but  cast-iron  nails  may  be  employed  with  the 
latter.  The  thickest  laths  are  used  for  ceilings,  as  the 
strain  on  the  laths  is  greater  in  a  horizontal  than  in  an 
upright  position. 

Pricking  up  is  the  first  coat  of  plastering  of  coarse  stuff 
upon  laths ;  when  completed,  it  is  well  scratched  over  with 
the  end  of  a  lath,  to  form  a  key  for  the  next  coat. 

Laid  work  consists  of  a  simple  coat  of  coarse  stuff  over  a 
wall  or  ceiling. 

Two-coat  work  is  a  cheap  description  of  plastering,  in 
which  the  first  coat  is  only  roughed  over  with  a  broom,  and 
afterwards  set  with  fine  stuff",  or  with  gauged  stuff  in  the 
better  descriptions  of  work. 

The  laying  on  of  the  second  coat  of  plastering  is  called 
floating,  from  its  heiug  floated,  or  brought  to  a  plane  surface 
with  the  float. 
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The  operation  of  floating  is  performed  by  surrounding 
the  surface  to  be  floated  with  narrow  strips  of  plastering 
called  screeds,  brought  perfectly  upright,  or  level,  as  the 
case  may  be,  with  the  level  or  plumb-rule ;  thus,  in  prepar- 
ing for  floating  a  ceiling,  nails  are  driven  in  at  the  angles, 
and  along  the  sides,  about  10  ft.  apart,  and  carefully  ad- 
justed to  a  horizontal  plane,  by  means  of  the  level.  Other 
nails  are  then  adjusted  exactly  opposite  to  the  first,  at  a 
distance  of  7  or  8  in.  from  them.  The  space  between  each 
pair  of  nails  is  filled  up  with  coarse  stuff,  and  levelled 
with  a  hand  float ;  this  operation  forms  what  are  called  dots. 
When  the  dots  are  sufiiciently  dry,  the  spaces  between  the 
dots  are  filled  up  flush  with  coarse  stuff",  and  floated  per- 
fectly true  with  a  floating  rule  ;  this  operation  forms  a 
screed,  and  is  continued  until  the  ceiling  is  surrounded  by 
one  continuous  screed,  perfectly  level  throughout.  Other 
screeds  are  then  formed,  to  divide  the  work  into  bays  about 
8  ft.  wide,  which  are  successively  filled  up  flush,  and  floated 
level  with  the  screeds. 

The  screeds  for  floating  walls  are  formed  in  exactly  the 
same  manner,  except  that  they  are  adjusted  with  the 
plumb-rule  instead  of  the  level. 

After  the  work  has  been  brought  to  an  even  surface  with 
the  floating  rule,  it  is  gone  over  with  the  hand  float,  and  a 
little  soft  stuff,  to  make  good  any  deficiencies  that  may 
appear. 

The  operation  of  forming  screeds  and  floating  work 
which  is  not  either  vertical  or  horizontal,  as  a  plaster  floor 
laid  with  a  fall,  is  analogous  to  that  of  taking  the  face  of  a 
stone  out  of  winding  with  chisel-drafts  and  straight  edges 
in  stone-cutting ;  the  principle  being  in  each  case  to  find 
three  points  in  the  same  plane,  from  which  to  extend  ope- 
rations over  the  whole  surface. 
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Setting. — When  the  floating  is  about  half  drj^,  the  setting 
or  finishing  coat  of  fine  stuff  is  laid  on  with  the  smoothing 
trowel,  Avhich  is  alternately  wetted  with  a  brush  and 
worked  over  with  the  smoothing  tool,  until  a  fine  surface  is 
obtained. 

Stucco  is  laid  on  with  the  largest  trowel,  and  worked  over 
with  the  hand  float,  the  work  being  alternately  sprinkled 
with  water,  and  floated  until  it  becomes  hard  and  compact, 
after  which  it  is  finished  by  rubbing  it  over  with  a  dry 
stock  brush. 

The  water  has  the  effect  of  hardening  the  face  of  the 
stucco,  so  that,  after  repeated  sprinklings  and  trowelings,  it 
becomes  very  hard,  and  smooth  as  glass. 

239.  The  above  remarks  may  be  briefly  summed  up  as 
follows  :  The  commonest  kind  of  work  consists  of  only 
one  coat,  and  is  called  rendering,  on  brickwork,  and  laying, 
if  on  laths.  If  a  second  coat  be  added,  it  becomes  two- 
coat  work,  as  render-set,  or  lath  lay  and  set.  "When  the  work 
is  floated,  it  becomes  three-coat  work,  and  is  render,  float, 
and  set,  for  brickwork,  and  lath,  lay,  float,  and  set,  for  ceil- 
ings and  partitions ;  ceilings  being  set  with  fine  stuff,  with 
a  little  Avhite  hair,  and  walls  intended  for  paper  with  fine 
stuff  and  sand  ;  stucco  is  used  where  the  work  is  to  be 
painted. 

Rough  stucco  is  a  mode  of  finishing  staircases,  passages, 
e%c.,  in  imitation  of  stone.  It  is  mixed  with  a  large 
proportion  of  sand,  and  that  of  a  coarser  quality  than 
troweled  stucco,  and  is  not  smoothed,  but  left  rough  from 
the  hand  float,  which  is  covered  with  a  piece  of  felt, 
to  raise  the  grit  of  the  sand,  to  give  the  work  the  appear- 
ance of  stone. 

Bough  cast  is  a  mode  of  finishing  outside  work,  by  dash 
ing  over  the  second  coat  of  plastering,  whilst  quite  wet,  a 
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layer  of  rough-cast,  composed  of  well-washed  gravel,  mixed 
up  with  pure  lime  and  water,  till  the  whole  is  in  a  semi- 
fluid state. 

Pugging  is  lining  the  spaces  between  floor  joists  with 
coarse  stufi",  to  prevent  the  passage  of  sound,  or  between 
two  stories,  and  is  done  on  laths  or  rough  boarding. 

In  the  midland  districts  of  England,  reeds  are  much  used 
instead  of  laths,  not  only  for  ceilings  and  partitions,  but  for 
floors,  which  are  formed  with  a  thick  layer  of  coarse  gauged 
stuff  upon  reeds.  Floors  of  this  kind  are  extensively  used 
about  Nottingham ;  and.  from  the  security  against  fire 
afforded  by  the  absence  of  wooden  floors,  Nottingham 
houses  are  proverbially  fire-proof. 

240.  Plasterer's  work  is  measured  by  the  superficial  yard ; 
cornices  by  the  superficial  foot ;  enrichments  to  cornices  by 
the  lineal  foot ;  and  centre  flowers  and  other  decorations  at 
per  piece. 

MEMORANDA. 

The  wages  of  a  journeyman  plasterer  are  from  6s.  to 
7s.  6d  a  day ;  those  engaged  in  modelling  and  ornamental 
work  will  earn  much  more ;  a  labourer  receives  from  3s.  9d 
to  6s.  3c?.  a  day,  and  a  plasterer's  boy  about  Is. 

Lathing. — One  bundle  of  laths  and  500  nails  will  cover 
5  yards. 

Rendering. — 187^  yards  require  1^-  hundred  of  lime,  2 
double  loads  of  sand,  and  5  bushels  of  hair. 

Floating  requires  more  labour,  but  only  half  as  much 
material  as  rendering. 

Setting. — 375  yards  require  1|  hundred  of  lime,  and  5 
bushels  of  hair. 

Mender  net. — 100  yards  require  1^  hundred  of  lime,  1 
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double  load  of  sand,  and  4  bushels  of  hair. — Plasterer  and 
labourer,  six  days  each. 

Lath,  lay,  and  set. — 130  yards  of  lath,  lay,  and  set,  require 
1  load  of  laths,  10,000  nails,  2^  hundred  of  lime,  1|  double 
load  of  sand,  and  7  bushels  of  hair. — Plasterer  and  labourer, 
eight  days  each. 

Fifteen  per  cent,  profit  is  allowed  on  all  materials. 

SMITH  AND  IRONFOUNDER. 

241.  The  smith  furnishes  the  various  articles  of  wrought- 
iron  work  used  in  a  building  ;  as  pileshoes,  straps,  screw- 
bolts,  dog-irons,  chimney  bars,  gratings,  wrought-iron  rail- 
ing, and  wrought-iron  balustrades  for  staircases.  Wrought 
iron  is  always  preferable  to  cast  iron  as  an  ornamental 
material  on  account  of  the  effect  it  gives  compared  with 
cast  iron.  The  former  looks  light  and  genteel  and  the 
latter  heavy  and  clumsy,  but  the  greater  expense  of 
wrought  iron  is  a  consideration,  although  it  is  possible  to 
get  cheaply  intricate  castings  in  malleable  cast  iron,  which 
is  very  clean  and  sharp  and  resembles  wrought  iron  and 
can  be  v/elded  to  the  other  parts  where  wrought  iron  is 
essentially  the  material. 

Cast  iron  cannot,  whereas  wrought  iron  or  steel  can, 
both  be  welded,  i.e.,  united  under  heat. 

Besides  cast-iron  columns,  stanchions,  and  similar  articles 
which  are  cast  to  order,  the  founder  supplies  a  great  variety 
of  articles  which  are  kept  in  store  for  immediate  use  ;  as 
cast-iron  gratings,  balconies,  rain-water  pipes  and  guttering, 
air  traps,  coal  plates,  stoves,  stable  fittings,  iron  sashes,  &c. 

Steel,  wrought  and  cast  iron  work  are  paid  for  by  weight, 
except  small  articles  kept  in  store  for  immediate  use,  which 
are  valued  per  piece. 
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lbs. 

One  cubic  foot  of  cast  iron  weighs  about  450 
Ditto  wrought  „  480 

Ditto  steel  „  490 

242.  The  coppersmith  provides  and  lays  sheet  copper  for 
covering  roofs ;  copper  gutters  and  rain-water  pipes  ;  wash- 
ing and  brewing  coppers ;  copper  cramps  and  dowels  for 
stonemasons'  work;  and  all  other  copper  work  in  a  building; 
but  the  cost  of  the  material  in  which  he  works  prevents  its 
general  use,  although  copper  is  everlasting  in  wear,  and, 
moreover,  at  all  times  worth  its  value.  Sheet  copper  is 
paid  for  by  the  superficial  foot,  according  to  weight,  and 
pipes  and  gutters  per  lineal  foot ;  copper  in  dowels,  bolts 
&c.,  at  per  pound. 

243.  Warming  apparatus,  steam  and  gas  fittings,  and  similar 
kinds  of  work,  are  put  up  by  the  mechanical  engineer,  who 
also  manufactures  a  great  variety  of  articles,  which  are  pur- 
chased in  parts,  and  put  together  and  fixed  by  the  plumber, 
as  pumps,  taps,  water  closet  apparatus,  &c. 

244.  The  bell-hanger  provides  and  hangs  the  bells  required 
for  communicating  between  the  different  parts  of  a  building, 
and  connects  them  with  their  pidls,  or  handles,  by  means  of 
cranks  and  wires. 

The  action  of  the  pull  upon  the  bell  should  be  as  direct, 
and  effected  with  as  few  cranks,  as  possible ;  and  the 
cranks  and  wires  should  be  concealed  from  view,  both  to 
protect  them  from  injury,  and  on  account  of  their  unsightly 
appearance. 

In  all  superior  work,  the  wires  are  conducted  along  con- 
cealed tubes,  fixed  to  the  walls  before  the  plasterer's  work 
is  commenced.  The  simplest  way  of  arranging  the  wires  is 
to  carry  them  up  in  separate  tubes  to  the  roof,  where  they 
may  all  be  conducted  to  one  point,  and  brought  down  a 


140 


RUDIMENTS  OF  THE 


chase  in  the  walls  to  the  part  of  the  building  where  the 
bells  are  hung.  By  this  means  very  few  cranks  are  required, 
and  a  broken  wire  can  be  replaced  at  any  time  without 
trouble. 

245.  Bell-hangers'  work  is  paid  for  by  the  number  of 
bells  hung  ;  the  price  being  determined  by  the  manner  in 
which  the  work  is  executed.  The  furniture  to  the  pulls  is 
charged  in  addition,  at  per  piece.  Electricity  has  now 
superseded  the  old-fashioned  bells  as  described  above.  Two 
wires  (a  negative  and  positive)  are  laid  in  tubes,  and  by 
means  of  a  push  at  the  desired  point,  the  two  are  brought 
together  to  create  a  current  which  rings  a  gong  where 
required  and  indicates  the  room  ringing  the  bell. 

PLUMBER. 

246.  The  work  of  the  plumber  chiefly  consists  in  laying 
sheet  lead  on  roofs,  lining  cisterns,  laying  on  water  to  the 
different  parts  of  a  building,  and  fixing  up  pumps  and 
water  closets. 

247.  The  plumber  uses  but  few  tools,  and  those  are  of  a 
simple  character,  the  greater  number  of  them  being  similar 
to  those  used  by  other  artificers,  as  hammers,  mallets,  planes, 
chisels,  gouges,  files,  &c.  The  principal  tool  peculiar  to  the 
trade  of  the  plumber  is  the  hat,  which  is  made  of  beech, 
about  18  inches  long,  and  is  used  for  dressing  and  flattening 
sheet  lead.  For  soldering  also  the  plumber  uses  iron  ladles, 
of  various  sizes,  for  melting  solder,  and  grazing  irons  for 
smoothing  down  the  joints. 

248.  The  sheet  lead  used  by  the  plumber  should  always 
be  milled,  and  it  is  described  according  to  its  weight. 

4  lbs.  lead  being  used  for  soakers. 

5  ,,  „  flashings  and  aprons. 
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6  lbs,  lead  being  used  for  vertical  work  and  valleys. 

7  „  „  gutters  and  flats. 

8  „  „  hips  and  ridges. 

Lead  pipes,  if  of  large  diameter,  are  made  of  sheet  lead, 
dressed  round  a  wooden  core,  and  soldered  up. 

Smaller  pipes  are  cast  in  short  lengths,  of  a  thickness 
three  or  four  times  that  of  the  intended  pipe,  and  either 
drawn  or  rolled  out  to  the  proper  thickness. 

Soft  solder  is  used  for  uniting  the  joints  of  lead-work.  It 
is  made  of  equal  parts  of  lead  and  tin,  and  is  purchased  of 
the  manufacturer  by  the  plumber,  at  a  price  per  lb.  accord- 
ing to  the  state  of  the  market. 


Fi-.  101. 


Fi^.  102. 


249.  Laying  of  Sheet  Lead. — In  order  to  secure  lead-work 
from  the  injurious  effects  of  contraction  and  expansion, 
when  exposed  to  the  heat  of  the  sun,  the  plumber  is  careful 
not  to  confine  the  metal  by  soldered  joints,  or  otherwise. 
All  sheet  lead  should  be  laid  to  a  sufficient  current,  to  keep 
it  dry;  a  fall  of  1  inch  in  10  feet  is  sufficient  for  this  purpose, 
if  the  boarding  on  which  the  lead  is  laid  be  perfectly 
even.  Joints  in  the  direction  of  the  current  are  made  by 
dressing  the  edges  of  the  lead  over  a  wooden  roll,  as  shown 
in  Fig.  101. 

Joints  in  the  length  of  the  current  are  made  with  drips, 
as  shown  on  the  left-hand  side  of  Fig.  102. 
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Flashings  are  pieces  of  lead  turned  doivn  over  the  edges  of 
other  lead  work,  which  is  turned  up  against  a  wall,  as  shown 
on  the  right-hand  side  of  Fig.  102,  and  serve  to  keep  the 
wet  from  finding  its  way  between  the  wall  and  the  lead, 
whether  of  a  flat  or  the  soakers  to  each  slate  up  a  gable  or 
chimney.  The  most  secure  way  of  fixing  them  is  to  build 
them  into  the  joints  of  the  brickwork  ;  but  the  common 
method  is  to  insert  them  about  an  inch  into  the  mortar 
joint,  and  to  secure  them  with  wall  hooks  and  cement. 
[See  Fig.  102.) 

250.  A  very  important  part  of  the  business  of  the  plum- 
ber consists  in  fitting  up  cisterns,  pumps,  and  water-closet 
apparatus,  and  iu  laying  the  different  services  and  wastes 
connected  with  the  same. 

251.  Plumbers' work  is  paid  for  by  the  cwt.,  and  lead 
pipes  are  charged  per  foot  lineal,  according  to  size  and 
weight. 

Pumps  and  water-closet  apparatus  are  charged  at  so  much 
each,  according  to  description;  as  also  basins,  air  traps, 
washers  and  plugs,  spindle  valves,  stop-cocks,  ball-cocks, 
&c. 


Table  of  the  weight  of  lead  pipes  required  by  most  Water 
Companies. 
bore  lbs. 
not  exceeding    ^  inch  .       .       .       .      7  \ 

9  \^ 


1 


11 
16 


11  22 
The  wages  of  a  journeyman  plumber  are  from  6s.  to 
7s.  Qd.  a  day.    A  plumber's  labourer  receives  from  3s.  9d. 
to  5s.  3d.  a  day. 
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ZINC  WORKER. 

252.  The  use  of  sheet  lead  has  been,  to  a  certain  extent, 
superseded  by  the  use  of  sheet  zinc,  which,  from  its  cheap- 
ness and  lightness,  is  very  extensively  used  for  almost  all 
purposes  to  which  sheet  lead  is  applied.  It  is,  however,  a 
very  inferior  material,  and  not  to  be  depended  upon.  The 
laying  of  it  is  generally  executed  by  the  plumber ;  but  the 
working  of  zinc,  and  manufacturing  of  it  into  gutters,  rain- 
water pipes,  chimney  cowls,  and  other  articles,  is  practised 
as  a  distinct  business. 

GLAZIER. 

253.  The  business  of  the  glazier  consists  in  cutting  glass, 
and  fixing  it  into  lead-work,  or  sashes.  The  former  is  the 
oldest  description  of  glazing,  and  is  still  used,  not  only  for 
cottage  windows,  and  inferior  work,  but  for  church  win- 
dows, and  glazing  with  stained  glass,  which  is  cut  into 
pieces  of  the  required  size,  and  set  in  a  leaden  framework ; 
this  kind  of  glazing  is  called  fretwork. 

254.  Glazing  in  sashes  is  of  comparatively  modern  intro- 
duction. The  sash  bars  are  formed  with  a  rebate  on  the 
outside,  for  the  reception  of  the  glass,  which  is  cut  into  the 
rebates,  and  firmly  bedded  and  buckputtied  to  keep  it  in  its 
place.  Large  squares  are  also  sprigged,  or  secured  with 
small  brads  driven  into  the  sash-bars. 

255.  Glazing  in  lead-work  is  fixed  in  leaden  rods,  called 
cames,  prepared  for  the  use  of  the  glazier  by  being  passed 
through  a  glazier's  vice,  in  which  they  receive  the  grooves, 
for  the  insertion  of  the  glass.  The  sides  or  cheeks  of  the 
grooves  are  sufficiently  soft  to  allow  of  their  being  turned 
down  to  admit  the  glass,  and  again  raised  up  and  firmly 
pressed  against  it  after  its  insertion. 
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For  common  lead-work,  the  bars  are  soldered  together,  so 
as  to  form  squares  or  diamonds.  In  fretwork,  the  bars,  in- 
stead of  being  used  straight,  are  bent  round  to  the  shapes 
of  the  different  pieces  of  glass  forming  the  device— lead- 
work  is  strengthened  by  being  attached  to  saddle  bars  of 
iron,  or  copper,  by  means  of  copper  wire  soldered  to  the 
lead.    All  glass  should  be  cemented  within  the  cames. 

Putty  is  made  of  pounded  whiting,  beaten  up  with  lin- 
seed oil  into  a  tough  tenacious  cement. 

256.  The  principal  tool  of  the  glazier  is  the  diamond, 
which  is  used  for  cutting  glass.  This  tool  consists  of  an 
unpolished  diamond  fixed  in  lead,  and  fastened  to  a  handle 
of  hard  wood. 

The  glazier  uses  a  hacking-out  knife,  for  cutting  out  old 
putty  from  broken  squares  ;  and  the  stopping  knife  for  lay- 
ing and  smoothing  the  putty  when  stopping-in  glass  into 
sashes. 

For  setting  glass  into  lead-work,  the  setting  knife  is  used, 

Besides  the  above,  the  glazier  requires  a  square  and 
straight  edges,  a  rule,  and  a  pair  of  compasses,  for  dividing 
the  tables  of  glass  to  the  required  sizes. 

Also  a  hammer  and  brushes,  for  sprigging  large  squares, 
and  cleaning  off  the  work. 

The  glazier's  vice  has  already  been  mentioned  ;  the  latter- 
kin  is  a  pointed  piece  of  hard  wood,  with  which  the  grooves 
of  the  cames  are  cleared  out  and  widened  for  receiving  the 
glass. 

257.  Glazier's  work  is  valued  by  the  superficial  foot,  the 
price  increasing  with  the  size  of  the  squares.  Irregular 
panes  are  taken  of  the  extreme  dimensions  each  way. 

258.  Glass  is  made  from  a  mixture  of  chalk,  white  sand, 
and  soda,  melted  at  a  great  heat,  and  blown  into  cylinders 
which  are  cut  and  flattened  out  on  a  table  under  heat. 
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There  are  several  classes  of  glass  described  as  Crown,  sheet 
and  plate,  and  there  are  several  kinds  and  qualities  of 
sheet  and  plate,  the  most  generally  used  being  : 

Sheet  glass  distinguished  by  its  weight  per  foot  super- 
ficial as  I60ZS.,  2I0ZS.,  26ozs.,  and  32ozs.,  and  plate  glass 
by  its  thickness  from  -i^-inch  upwards,  the  relative  value  of 
sheet  rising  upwards  from  16ozs.,  and  plate  being  cheapest 
at  ;|-inch  thick  and  more  expensive  above  and  below  that 
point. 

Plate  glass  is  cast,  rolled,  ground,  and  polished,  being 
usually  J-inch  thick,  but  it  can  be  reduced  to  iVinch  thick 
and  polished  so  that  no  better  glass  can  be  procured  for  the 
best  dwellings. 

Eough  cast  or  rough  rolled  glass  are  obscure  and  used  for 
skylights  and  positions  where  the  rays  of  the  sun  require 
to  be  diffused. 

PAINTER,  PAPER-HANGER,  AND  DECORATOR. 

259.  The  business  of  the  house-painter  consists  in  cover- 
ing, with  a  preparation  of  white  lead  and  oil,  such  portions 
of  the  joiner's,  smith's,  and  plasterer's  work  as  require  to 
be  protected  from  the  action  of  the  atmosphere.  Decora- 
tive painting  is  a  higher  branch,  requiring  a  knowledge  of 
the  harmony  of  colours,  and  more  or  less  of  artistic  skill, 
according  to  the  nature  of  the  work  to  be  executed.  The 
introduction  of  fresco  painting  into  this  country  as  a  mode 
of  internal  decoration  has  led  to  the  employment  of  some 
of  the  first  artists  of  the  day  in  the  embellishment  of  the 
mansions  of  the  nobility  ;  and  the  example  thus  set  will,  no 
doubt,  be  extensively  followed. 

260.  The  principal  materials  used  by  the  painter  are 
white  lead,  which  forms  the  basis  of  almost  all  the  colours 
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used  in  house-painting ;  linseed  oil,  and  spirits  of  turpentine, 
used  for  mixing  and  diluting  the  colours  ;  and  dryers,  as 
litharge,  sugar  of  lead,  and  white  vitriol,  which  are  mixed 
with  the  colours  to  facilitate  their  drying.  Putty,  made  of 
whiting  and  linseed  oil,  is  used  for  stopping  or  filling  up 
nail  holes,  and  other  vacuities,  in  order  to  bring  the  work 
to  a  smooth  surface. 

261.  The  painter's  tools  are  few  and  simple ;  they  consist 
of  the  grinding  stone  and  muller,  for  grinding  colours ; 
earthen  pots,  to  hold  colours  ;  cans,  for  oil  and  turps  ;  di,  pallet 
knife,  and  brushes  of  various  sizes  and  descriptions. 

262.  In  painting  woodwork,  the  first  operation  consists 
in  killing  the  knots,  from  which  the  turpentine  would  other- 
wise exude  and  spoil  the  work.  To  effect  this,  the  knots 
are  covered  with  fresh  slaked  lime,  which  dries  up  and 
burns  out  the  turpentine.  When  this  has  been  on  twenty- 
four  hours,  it  is  scraped  off,  and  the  knots  painted  over 
with  a  mixture  of  red  and  white  lead,  mixed  with  glue  size. 
After  this  they  are  gone  over  a  second  time  with  red  and 
white  lead,  mixed  with  linseed  oil.  When  dry,  they  must 
be  rubbed  perfectly  smooth  with  pumice  stone,  and  the 
work  is  ready  to  receive  the  priming  coat.  This  is  com- 
posed of  red  and  white  lead,  well  diluted  with  linseed  oil. 
The  nail  holes  and  other  imperfections  are  then  stopped 
with  putty,  and  the  succeeding  coats  are  laid  on,  the  work 
being  rubbed  down  between  each  coat,  to  bring  it  to  an 
even  surface.  The  first  coat  after  the  priming  is  mixed 
with  linseed  oil  and  a  little  turpentine ;  the  second  coat 
with  equal  quantities  of  linseed  oil  and  turpentine.  In 
laying  on  the  second  coat,  where  the  work  is  not  to  be 
finished  white,  an  approach  must  be  made  to  the  required 
colour.  The  third  coat  is  usually  the  last,  and  is  made 
with  a  base  of  white  lead,  mixed  with  the  requisite  colour, 
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and  diluted  with  one-third  of  linseed  oil  to  two-thirds  of 
turpentine. 

Painting  on  stucco,  and  all  other  work  in  which  the  sur- 
face is  required  to  be  without  gloss,  has  an  additional  coat 
mixed  with  turpentine  only,  which,  from  its  drying  of  one 
uniform  flat  tint,  is  called  a  flatting  coat. 

If  the  knots  show  through  the  second  coat,  they  must  be 
carefully  covered  with  silver  leaf. 

Work  finished  as  above  described  would  be  technically 
specified  as  knotted,  primed,  painted  three-oils,  and  flatted. 

Flatting  is  almost  indispensable  in  all  delicate  interior 
work,  but  it  is  not  suited  to  outside  work,  as  it  will  not  bear 
exposure  to  the  weather. 

263.  Painting  on  stucco  is  primed  with  boiled  linseed  oil, 
and  should  then  receive  at  least  three  coats  of  white  lead 
and  oil,  and  be  finished  with  a  flat  tint.  The  great  secret 
of  success  in  painting  stucco  is,  that  the  surface  should  be 
perfectly  dry  ;  and,  as  this  can  hardly  be  the  case  in  less 
than  two  years  after  the  erection  of  a  building,  it  will  always 
be  advisable  to  finish  new  work  in  distemper,  which  can  be 
washed  off  whenever  the  walls  are  sufficiently  dry  to  receive 
the  permanent  decorations. 

264.  Graining  is  the  imitation  of  the  grain  of  various 
kinds  of  woods,  by  means  of  graining  tools,  and,  when  well 
executed,  and  properly  varnished,  has  a  handsome  appear- 
ance, and  lasts  many  years.  The  term  graining  is  also  ap- 
plied to  the  imitation  of  marbles. 

265.  Clear  coling  (from  daire  calk,  i.e.  transparent  size, 
Fr.),  is  a  substitution  of  size  for  oil,  in  the  preparation  of 
the  priming  coat.  It  is  much  resorted  to  by  painters,  on 
account  of  the  ease  with  which  a  good  face  can  be  put  on 
the  work  with  fewer  coats  than  when  oil  is  used  ;  but  it  will 
not  stand  damp,  which  causes  it  to  scale  off,  and  it  should 


148 


RUDIMENTS  OF  THE 


never  be  used  except  in  repainting  old  work,  which  is 
greasy  or  smoky,  and  cannot  be  made  to  look  well  by  any 
other  means. 

266.  Distempering  is  a  kind  of  painting  in  which  whiting 
is  used  as  the  basis  of  the  colours,  the  liquid  medium  being 
size ;  it  is  much  used  for  ceilings  and  walls,  and  always  will 
require  two,  and  sometimes  three  coats,  to  give  it  a  uniform 
appearance. 

267.  Of  late  years  several  valuable  distempers  have  been 
put  on  the  market,  most  of  them  being  already  mixed  in 
colour  are  much  better  than  the  home-made  coverings,  and 
in  addition  they  are  washable  and  the  colour  does  notrub 
off  as  soon  as  the  wall  is  touched. 

Duresco  is  a  substitute  for  both  paint  and  distemper,  and 
makes  excellent  work  on  walls,  ceilings,  and  woodwork. 
Varnish  is  a  coating  material  applied  to  all  first-class  work 
to  give  it  a  durable  glossy  face,  and  it  may  be  put  on  paint 
work,  papering,  or  the  naked  work,  after  it  has  been  sized 
to  take  up  the  undue  suction. 

The  varnish  generally  used  is  called  "  copal,"  being  made 
at  the  factories  by  mixing  resin,  oil,  and  turpentine  at 
various  temperatures. 

268.  Painters'  work  is  valued  per  superficial  yard, 
according  to  the  number  of  coats,  and  the  description 
of  work,  as  common  colours,  fancy  colours,  party  col- 
ours, &c. 

Where  work  is  cut  in  on  both  edges,  it  is  taken  by  the 
lineal  foot.  In  measuring  railings,  the  two  sides  are 
measured  as  flat  work.  Sash  frames  are  valued  per  piece, 
and  sashes  at  per  dozen  squares. 

269.  Gilding  is  executed  with  gold  leaf,  which  is  fur- 
nished by  the  gold-beater  in  books  of  25  leaves,  each  leaf 
measuring  3  J  in.  by  3  in.    The  parts  to  be  gilded  are  first 
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prepared  with  a  coat  of  gold  size,  which  is  made  of  Oxford 
ochre  and  fat  oil. 

270.  The  operations  of  the  paper-hanger  are  too  simple 
to  require  description. 

A  piece  of  paper  is  12  yards  long,  and  is  20  in.  wide 
when  hung,  and  covers  60  feet  superficial ;  hence  the 
number  of  superficial  feet  that  have  to  be  covered,  divided 
by  60,  will  give  the  number  of  pieces  required,  but  the 
matching  of  a  large  pattern  causes  greater  waste. 

Paper-hangers'  work  is  valued  at  per  piece,  according  to 
the  value  of  the  paper. 

The  trades  of  the  plumber,  glazier,  painter,  paper- 
hanger,  and  decorator  are  often  carried  on  by  the  same 
person. 


SECTION  V. 


WOEKING  DRAWINGS,  SPECIFICATIONS,  ESTI- 
MATES, AND  CONTRACTS. 

WORK  OF  THE  ARCHITECT  AND  THE  SURVEYOR. 

271.  The  erection  of  buildings  of  any  considerable  mag- 
nitude is  usually  carried  on  under  the  superintendence  of  a 
professional  architect,  whose  duties  consist  in  the  prepara- 
tion of  the  various  working  drawings  and  specifications  that 
may  be  required  for  the  guidance  of  the  builder ;  in  the 
strict  supervision  of  the  work  during  its  progress,  to  insure 
that  his  instructions  are  carried  out  in  a  satisfactory  manner; 
and  in  the  examination  and  revision  of  all  the  accounts 
connected  with  the  works. 

272.  The  duties  of  the  architect  and  the  work  of  the 
builder  are  sometimes  attempted  by  the  same  person :  but 
this  union  of  directive  and  executive  functions  is  not  to 
be  recommended^  if  only  because  the  absence  of  professional 
control  must  always  be  a  temptation  to  a  building  contractor 
to  prefer  his  own  interests  to  those  of  his  employer. 

Since  about  the  beginning  of  the  last  century  a  new 
and  most  important  profession  has  sprung  up,  occupy- 
ing a  middle  position  between  those  of  architecture  and 
mechanical  engineering,  viz.,  that  of  the  civil  engineer. 
The  practice  of  the  architect  and  of  the  civil  engineer 
so  closely   approximate   in   many  respects,  that  it  is 
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diflScult  strictly  to  draw  the  line  of  demarcation  between 
them  ;  but  it  may  be  said  in  general  terms  that,  whilst  the 
one  is  chiefly  engaged  in  works  of  civil  and  decorative 
architecture,  such  as  the  erection  of  churches,  public 
buildings,  and  dwelling  houses,  the  talent  of  the  other  is 
principally  called  forth  in  the  art  of  construction  on  a  large 
scale,  as  applied  to  retaining  walls,  bridges,  tunnels,  light- 
houses, &c.,  and  works  connected  with  the  improvements 
of  the  navigation  and  internal  communications  of  the 
country. 

273.  The  business  of  the  surveyor  is  often  carried  on  as  a 
distinct  branch  of  architectural  practice ;  and,  as  the  title  of 
surveyor  is  often  appropriated  by  those  who  have  no  real 
claim  to  it,  a  few  words  on  a  surveyor's  duties  may  not  be 
here  out  of  place. 

Surveyors  may  be  divided  into  three  classes:  land 
surveyors,  engineering  surveyors,  and  building  surveyors. 

The  business  of  an  engineering  surveyor,  as  distinguished 
from  that  of  a  land  surveyor,  chiefly  consists  in  the  prepar- 
ation of  accurate  plans,  sections,  and  other  data  relative 
to  the  intended  sites  of  large  works,  which  may  be  required 
by  the  architect  or  engineer  preparatory  to  making  out  his 
working  drawings,  and  in  conducting  levelling  operations 
for  drainage  works,  canals,  railways,  &c. 

The  building  surveyor  prepares,  from  the  drawings  and 
specifications  of  the  architect  or  the  engineer,  bills  of 
quantities  of  intended  works,  for  the  use  of  the  builder,  on 
which  to  frame  his  estimates;  and,  in  the  case  of  contracts, 
these  bills  of  quantities  form  the  basis  of  the  engagements 
entered  into  by  the  builder  and  his  employer,  the  surveyor 
being  pecuniarily  answerable  for  any  omissions.  The  sur- 
veyor is  also  employed  in  the  measurement  of  works  already 
executed  or  in  progress ;  in  the  latter  case,  for  the  purpose 
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of  ascertaining  the  advances  to  be  made  at  stated  intervals, 
and  is  engaged  generally  in  all  business  connected  with 
builders'  accounts.* 

274.  The  following  is  the  general  routine  of  proceedings  in 
the  case  of  large  works.  It  will  readily  be  understood  that 
in  small  works  subdivision  of  labour  is  not  carried  to  such 
an  extent,  the  architect  superintending  the  works  himself, 
without  the  aid  of  a  clerk  of  the  works,  and  the  builders 
taking  out  their  own  quantities. 

I.  The  general  design  having  been  approved  of,  and  the 
site  fixed  upon,  an  exact  plan  is  made  of  the  ground,  the 
nature  of  the  foundation  examined,  and  all  the  levels  taken 
that  may  be  required  for  the  preparation  of  the  working 
drawings. 

II.  The  architect  makes  out  the  working  drawings,  and 
draws  up  the  specification  of  the  work. 

III.  A  meeting  is  held  of  builders  proposing  to  tender  for 
the  execution  of  the  proposed  works,  called  either  by  public 
advertisement  or  private  invitation,  at  which  a  surveyor  is 
appointed  in  their  behalf  to  take  out  the  quantities.  Some- 
times two  surveyors  are  appointed,  one  on  the  part  of 
the  builders,  and  one  on  the  part  of  the  architect,  who  take 
out  the  quantities  together,  and  check  each  other  as  they 
proceed. 

IV.  The  surveyor  having  furnished  each  party  proposing 
to  tender,  with  a  copy  of  the  bills  of  quantities,  the  builders 
prepare  their  estimates,  basing  them  on  the  quantities 
supplied  to  all  alike,  after  which  the  successful  competitor 
and  the  employer  sign  a  contract,  drawn  up  by  a  solicitor, 
binding  the  one  to  the  proper  execution  of  the  works,  and 

*  See  "  Student's  Guide  for  Measuring  and  Estimating  Artificer's 
Work,"  2nd  edition,  8vo,  1853. 
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the  other  to  the  payment  of  the  amount  of  their  cost  at 
such  times  and  in  such  sums  as  may  be  set  forth  in  the 
specification. 

V.  The  work  is  then  set  out,*  and  carried  on  under  the 
constant  direction  of  a  foreman  on  the  part  of  the  builder, 

*  On  Setting-out  Work. — The  determination  of  the  extra  position  of 
an  intended  building  being  sometimes  difficult  to  accomplish,  a  few 
remarks  on  the  subject  may  be  acceptable. 

The  setting- out  of  the  leading  lines  is  simple  enough  on  level 
ground,  where  nothing  occurs  to  interrupt  the  view,  or  to  prevent  the 
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direct  measurement  of  the  required  distances  ;  but  to  perform  this 
operation  at  the  bottom  of  a  foundation  pit,  blocked  up  with  balks 
and  shores,  and  ankle- deep  in  slush,  requires  a  degree  of  practice  and 
patience  not  always  to  be  met  with.  Let  us  take  a  simple  case,  such 
as  the  putting  in  the  abutment  of  a  bridge  or  viaduct,  any  error  in  the 
position  of  which  would  render  the  work  useless  (see  Fig.  103).  The 
leading  lines  having  been  laid  down  on  the  drawings,  the  first  thing 
to  be  done,  before  breaking  ground,  is  to  set  out  the  centre  line  very 
carefully  with  a  theodolite  and  ranging  rods  for  a  considerable  distance 
on  each  side  of  the  work,  and  to  fix  its  position  by  erecting  poles, 
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and  on  the  part  of  the  architect  under  the  superintendence 
of  an  inspector  or  clerk  of  the  works,  whose  duty  is  to  be 
constantly  on  the  spot  to  check  the  quahty  and  quantity  of 
material  used,  to  see  to  the  proper  execution  of  the  work, 
and  to  keep  a  record  of  every  deviation  from  the  drawings 
that  may  be  rendered  necessary  by  the  wishes  of  the 
employer,  or  by  local  circumstances  over  which  the  archi- 
tect has  no  control. 

The  work  is  measured  up  at  regular  intervals,  and 
payments  made  on  account  to  the  builder,  upon  the  archi- 
tect's certificate  of  the  amount  of  work  done. 

planed  true  and  placed  perfectly  upright,  in  some  part  of  the  line 
where  there  is  no  chance  of  their  being  disturbed. 

Next,  the  exact  position  of  the  abutment  on  the  centre  line  would 
be  decided  upon,  and  fixed  by  setting  out  another  line  at  right  angles 
to  the  first,  as  c  d,  which  would  also  be  extended  beyond  the  works, 
and  its  position  fixed  by  driving  in  stakes,  the  exact  position  of  the 

line  on  the  head  of  the  stake  being  marked  by  a  saw-cut  0. 

These  guiding  lines  having  now  been  permanently  secured,  the  plan 
of  the  abutment  may  be  set  out  on  the  ground,  the  dams  driven,  and 
the  earth  got  out  to  the  required  depth.  By  the  time  the  excavation 
is  ready  for  commencing  the  work,  it  generally  presents  a  forest  of 
stays,  struts,  and  shores,  that  would  defy  any  attempt  at  setting  out 
the  work  on  its  own  level ;  it  must,  therefore,  be  set  out  at  the  level 
of  the  top  of  the  dam,  and  the  points  transferred  or  dropped,  as 
follows  : — 

First,  the  position  of  the  centre  line  is  ascertained  by  reference  to 
the  poles,  and,  nails  being  driven  into  the  timbers  at  the  sides  of  the 
dam,  a  fine  line  is  si  rained  across ;  the  position  of  the  line  e  d\&  found, 
and  a  second  line  is  strained  across  in  the  same  way.  In  a  similar 
manner  other  lines  are  strained  from  side  to  side  at  the  required 
distances,  the  lengths  being  measured  from  the  line  c  d,  and  the  widths 
from  a  b,  until  the  outline  of  the  foundation  course  is  found  ;  the  angle 
points  are  then  transferred  to  the  bottom  of  the  excavation  by  means 
of  plumb-lines,  and  the  work  is  commenced,  its  accuracy  being  easily 
tested  by  measurements  from  the  lines  a  b  and  c  d,  until  it  is  so  far 
advanced  as  to  render  this  unnecessary. 
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VI.  The  work  being  completed,  the  extras  and  omissions 
are  set  against  each  other,  and  the  difference  added  to 
or  deducted  from  the  amount  of  the  contract,  and  the 
whole  business  is  concluded  by  the  architect  giving  a 
final  certificate  for  the  payment  of  the  balance  due  to 
the  builder. 

275.  Plan  of  Site. — In  preparing  the  plan  of  the  site  of 
any  proposed  works,  the  operations  of  the  surveyor  will 
generally  have  to  be  extended  beyond  the  spot  of  ground 
on  which  the  building  is  to  stand.  The  frontages  of  the 
adjacent  buildings,  and  the  position  of  all  existing  or  con- 
templated sewers,  drains,  and  watercourses,  should  be 
correctly  ascertained  and  laid  down.  Sketches  drawn  to 
scale  of  the  architectural  features  of  the  adjacent  buildings, 
if  in  town,  and  accurate  outline  sketches  of  the  incidents  of 
the  locality  of  the  intended  operations,  if  in  the  country, 
should  accompany  the  plan,  that  the  architect  may  try  the 
effect  of  his  design  before  its  actual  execution  renders  it 
impossible  to  remedy  its  faults. 

By  the  careful  study  of  all  these  data  the  architect  may 
hope  to  succeed  in  making  his  works  harmonise  with  the 
objects  that  surround  them  ;  without  them,  failure  on  this 
head  is  almost  a  certainty. 

276.  Levels. — Where  the  irregularities  of  the  ground  are 
considerable,  it  is  necessary  to  ascertain  the  variations  of 
the  surface  before  the  depth  of  the  foundations  and  the 
position  of  the  floors  can  be  decided  upon. 

It  also  frequently  happens  that  the  levels  of  the  floors 
and  other  leading  lines,  in  a  new  building,  are  regulated  by 
the  capabilities  of  sewage  or  drainage,  or  by  the  heights 
of  other  buildings  with  which  the  new  work  will  ultimately 
be  connected,  as  in  the  case  of  new  streets.  It  therefore 
becomes  of  importance  to  have  simple  and  accurate  means 
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of  ascertaining  and  recording  the  relative  heights  of 
different  points.  For  this  purpose  both  the  spirit  level  and 
the  mason's  level  are  used. 

277.  Where  the  ground  to  be  levelled  over  is  limited  in 
extent,  and  the  variations  of  level  do  not  exceed  1 2  feet, 
the  heights  of  any  points  may  be  found  with  the  mason's 
level  in  the  following  manner.    {See  Fig.  104). 

In  a  convenient  place,  near  the  highest  part  of  the 
ground,  drive  three  stout  stakes  at  equal  distances  from 
each  other,  and  nail  to  them  three  pieces  of  stout  plank, 
placed  as  shown  in  the  cut,  their  upper  edges  being  adjusted 
to  the  same  horizontal  plane  by  means  of  the  mason's  level. 


Fig.  104. 


The  level  being  then  placed  on  this  frame,  an  assistant 
proceeds  to  the  first  point  of  which  the  height  is  required, 
holding  up  a  rod  with  a  sliding  vane,  which  he  raises  or 
lowers  in  obedience  to  the  directions  of  the  surveyor,  until 
it  coincides  with  a  pair  of  sights  fixed  at  the  bottom  of  the 
level ;  the  height  of  the  vane  will  then  be  the  difference  of 
level  between  the  top  of  the  levelling  frame,  and  the  place 
where  the  staff  was  held  up. 

278.  The  above  and  similar  methods  will  suffice  for 
taking  levels  in  a  rough  way  for  the  ordinary  purposes  of 
the  builder  ;  but  where  great  accuracy  is  requisite,  or  where 
the  levels  have  to  be  extended  over  a  considerable  distance, 
as  is  often  the  case  in  drainage  works,  the  use  of  a  more 
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perfect  contrivance  is  necessary,  and  the  spirit  level  is  the 
instrument  principally  used  for  this  purpose. 

The  spirit  level  consists  of  a  telescope  mounted  on  a 
portable  stand,  and  furnished  with  screw  adjustments,  by 
means  of  which  it  can  be  made  to  revolve  in  a  horizontal 
plane,  any  deviation  from  which  is  indicated  by  the  motion 
of  an  air-bubble  in  a  glass  tube  fixed  parallel  to  the  tele- 
scope. 

The  eye-piece  of  the  telescope  is  furnished  with  cross- 
wires,  as  they  are  technically  termed,  made  of  spiders' 
thread,  of  which  the  use  will  be  presently  explained. 

279.  The  levelling  staflp,  now  in  common  use,  is  divided 
into  feet,  tenths,  and  hundredths,  in  a  conspicuous  manner, 
so  that,  with  the  help  of  the  glass,  every  division  can  be 
distinctly  seen  at  the  distance  of  one  hundred  yards  or 
more.  The  mode  of  conducting  the  operation  of  levelling 
is  as  follows  : — 

The  surveyor  having  set  up  and  adjusted  his  instrument, 
the  stafFholder  proceeds  to  the  point  at  which  the  levels  are 
to  commence,  and  holds  up  his  staff  perfectly  upright  and 
turned  towards  the  surveyor,  who  notes  the  division  of  the 
staff  which  coincides  with  the  horizontal  wire  in  the  tele- 
scope, and  enters  the  same  in  his  level-book ;  the  staff- 
holder  then  proceeds  to  the  next  point,  and  the  reading  of 
the  staff  is  noted  as  before  ;  and  this  is  repeated  until  the 
distance  or  the  difference  of  level  makes  it  necessary  for 
the  surveyor  to  take  up  a  fresh  position.  While  this  is 
being  done,  the  staffholder  remains  stationary,  until,  the 
level  being  adjusted  again,  he  carefully  turns  the  face  of  the 
staff  so  as  to  be  visible  from  the  instrument  in  its  new 
position,  and  a  second  reading  of  the  staff  is  noted,  after 
which  he  proceeds  forward  as  before  for  a  fresh  set  of 
observations. 


158 


RUDIMENTS  OF  THE 


280.  In  every  set  of  observations  the  first  is  called  a 
Backsight  and  the  last  a  Foresight.  The  remaining  obser- 
vations are  called  intermediates,  and  are  entered  accord- 
ingly. It  will  be  seen  that  an  error  in  an  intermediate 
reading  is  confined  to  the  point  where  it  occurs ;  but  a 
mistake  in  a  back  or  foresight  is  carried  throughout  the 
whole  work,  and  therefore  every  care  should  be  taken  to 
insure  accuracy  in  observing  these  sights. 

281.  The  surveyor  should  commence  and  close  his  work 
by  setting  the  staff  on  some  well-defined  mark,  which  can 
readily  be  referred  to  at  any  subsequent  period,  such  as  a 
doorstep,  plinth  of  a  column,  &c.  These  marks  are  called 
bench  marks,  written  B  M,  and  are  essential  for  either 
checking  the  work  or  carrying  it  on  at  a  subsequent  period. 

282.  The  reduction  of  the  levels  to  a  tabular  form  for  use 
is  a  simple  arithmetical  operation,  which  will  be  readily 
understood  by  examination  of  the  annexed  example  of  a 
level-book,  and  of  the  accompanying  section,*  Fig.  105. 
The  difi"erence  between  the  successive  readings  in  any  set 
of  observations  is  the  difference  of  level  between  the  points 
where  the  staff  was  successively  held  up,  and  by  simple 
addition  or  subtraction,  according  as  the  ground  rises  or 
falls,  we  might  obtain  the  total  rise  or  fall  of  the  ground 
above  or  below  the  starting  point ;  but  as  this  would  require 
two  columns,  one  for  the  total  rise,  and  one  for  the  total 
fall,  it  is  simpler  to  assume  the  starting  point  to  be  some 
given  height  above  an  imaginary  horizontal  datum  line, 
drawn  below  the  lowest  point  of  the  ground,  to  which  level 

*  In  plotting  sections  of  ground,  it  is  usual  to  make  the  vertical 
scale  mucli  greater  than  the  horizontal,  which  enables  bmall  variationK 
of  level  to  be  easily  measured  on  the  drawing  without  its  being  ex- 
tended to  an  inconvenient  length.  This  is  shown  in  the  lower  half  of 
Fig.  105.  The  upper  part  of  the  figure  shows  the  section  plotted  to 
the  same  horizontal  and  vertical  scale. 
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all  the  heights  are  referred  in  the  column  headed  total 
height  above  datura  line. 

283.  The  accuracy  of  the  arithmetical  computations  is 
proved  by  adding  up  the  foresight  and  backsights,  and,  de- 
ducting the  sum  of  the  former  from  that  of  the  latter  (the 
height  of  the  first  B  M  having  been  previously  entered  at 
the  top  of  the  page  as  a  backsight),  the  remainder  will  be 
the  height  of  the  last  B  M,  and  should  agree  with  the  last 
figures  in  the  column  of  total  heights. 


Fig.  105. 


284.  In  levelling  the  site  of  a  proposed  building,  if  no 
suitable  object  presents  itself  for  a  permanent  B  M  for 
future  reference,  a  large  stake,  hooped  with  iron,  should 
be  driven  into  the  ground  in  some  convenient  place  where 
it  will  not  be  disturbed.  The  height  of  this  stake  being 
then  carefully  noted  and  marked  upon  the  elevations  and 
sections  of  the  building,  it  will  serve  as  a  constant  check 
on  the  depths  of  the  excavations  and  the  heights  of  the 
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different  parts  of  the  work,  until  the  walls  reach  the 
level  of  the  principal  floor,  when  it  will  no  longer  be 
required. 

285.  We  must  not  leave  the  subject  of  levels  without 
mentioning  a  very  useful  instrument,  called  the  water-level, 
which  consists  of  a  long  flexible  pipe,  filled  with  water,  and 
terminating  at  each  end  in  an  open  glass  tube.  When  it  is 
required  to  find  the  relative  heights  of  any  two  points,  as, 
for  instance,  the  relative  levels  of  the  floors  of  two  adjoining 
houses,  the  two  ends  of  the  tube  are  taken  to  the  respec- 
tive points,  the  tube  being  passed  down  the  staircases,  over 
the  roofs,  or  along  any  other  accessible  route,  no  matter 
how  circuitous,  and  the  required  levels  are  found  by 
measuring  up  from  the  floors  to  the  surface  of  the  water, 
which  will  of  course  stand  at  the  same  level  at  each  end  of 
the  tube. 

WORKING  DRAWINGS. 

286.  The  architect  being  furnished  with  the  plan  and 
levels  of  the  site  of  his  operations,  and  having  caused  a 
careful  examination  to  be  made  of  the  probable  nature  of 
the  foundation  by  digging  pits  or  taking  borings,  proceeds 
to  make  out  his  working  drawings. 

It  is  not  sufficient  for  the  execution  of  working  drawings 
that  the  draughtsman  should  be  acquainted  with  the  ordi- 
nary principles  of  geometrical  projection.  He  must  also 
be  thoroughly  conversant  with  perspective,  and  with  the 
principles  of  chiaroscuro,  or  light  and  shade,  or  he  will  work 
at  random,  as  the  geometrical  projections  which  are  re- 
quired for  the  use  of  the  workmen  give  a  very  false  idea  of 
the  effect  the  work  will  have  in  execution. 

287.  Working  drawings  may  be  divided  under  three 
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heads,  viz. :  — Block  plans,  General  drawings,  and  Detail 
drawings  : — 

I.  Block  P/rt«s.— These  show  the  outline  only  of  the 
intended  building,  and  its  position  with  regard  to  surround- 
ing objects.  They  are  drawn  to  a  small  scale,  embracing 
the  whole  area  of  the  site,  and  on  them  are  marked  the 
existing  boundary  walls,  sewers,  gas  and  water  mains, 
and  all  the  new  walls,  drains,  and  water-pipes,  and  their 
proposed  connection  with  the  existing  ones,  so  that  the 
builder  may  see  at  a  glance  the  extent  of  his  opera- 
tions. 

A  well-digested  block  plan,  with  its  accompanying  levels 
showing  the  heights  of  the  principal  points,  the  fall  of  the 
drains,  &c.,  is  one  of  the  first  requisites  in  a  complete  set 
of  working  drawings. 

II.  General  Draivings.— These  show  the  whole  extent  of 
the  building,  and  the  arrangement  and  connection  of  the 
different  parts  more  or  less  in  detail,  according  to  its  size 
and  extent.  These  drawings  consist  of  Plans  of  the  founda- 
tions, and  of  the  different  stories  of  the  building,  and  of 
the  roofs ;  Elevations  of  the  different  fronts  ;  and  Sections 
showing  the  heights  of  the  stories,  and  such  constructive 
details  as  the  scale  will  admit  of.  These  drawings  are 
carefully  figured,  the  dimensions  of  each  part  being  cal- 
culated, and  its  position  fixed  by  reference  to  some  well- 
defined  line  in  the  plans  or  elevations,  the  position  of  which 
admits  of  easy  verification  in  all  stages  of  the  work.  This 
is  best  done  by  ruling  faint  lines  on  the  drawings,  through 
the  principal  divisions  of  the  design,  as  shown  in  Fig.  106, 
where  the  plan  and  elevation  are  divided  into  compart- 
ments by  lines  passing  through  the  centres  of  the  columns 
from  which  all  the  dimensions  are  dated  each  way.  These 
centre  lines  are,  in  the  execution  of  the  work,  kept  con- 
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stantly  marked  on  the  walls  as  they  are  carried  up,  so  that 
they  are  at  all  times  available  for  reference. 

By  this  means,  the  centre  lines  having  been  once  care- 
fully marked  on  the  building,  any  slight  error  or  variation 
from  the  drawings  is  confined  to  the  spot  where  it  occurs 
instead  of  being  carried  forward,  as  is  sometimes  the  case, 
to  appear  only  when  correction  is  as  desirable  us  it  is  im- 
possible. 

The  use  of  these  centre  lines  also  saves  much  of  the 
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Fig.  106. 

labour  of  the  draughtsman,  as  they  form  a  skeleton,  of 
which  only  so  much  need  be  filled  up  as  may  be  required 
to  show  the  design  of  the  work. 

III.  Detailed  Drawings. — These  are  on  a  large  scale, 
showing  those  details  of  construction  which  could  not  be 
explained  in  the  general  drawings,  such  as  the  framing  of 
floors,  partitions,  and  roofs,  for  the  use  of  the  carpenter ; 
the  patterns  of  cast-iron  girders  and  story  posts  for  the 
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iron-founder ;  decorative  details  of  columns,  entablatures, 
and  cornices,  for  the  carver ;  the  requisite  details  being- 
made  out  separately,  as  far  as  possible,  for  each  trade; 
which  arrangement  saves  much  time  that  would  otherwise 
be  wasted  in  referring  from  one  drawing  to  another,  and, 
which  is  still  more  important,  insures  greater  accuracy,  from 
the  workman  understanding  better  the  nature  of  his  work. 

In  making  the  detailed  drawings,  every  particular  should 
be  enumerated  that  may  be  required  for  a  perfect  under- 
standing of  the  nature  and  extent  of  the  work.  Thus,  in 
preparing  the  drawings  for  the  iron-founder,  every  separate 
pattern  should  be  drawn  out,  and  the  number  stated  that 
will  be  required  of  each. 

This  principle  should  be  attended  to  throughout  the 
whole  of  the  detailed  drawings,  as,  in  the  absence  of  such 
data,  it  is  very  difficult  to  prepare  correct  estimates  for  the 
execution  of  the  work  without  devoting  more  time  to  the 
study  of  the  drawings  than  can  generally  be  obtained  for 
that  purpose. 

SPECIFICATIONS. 

288.  The  drawings  being  completed,  the  architect  next 
draws  up  the  specification  of  the  intended  works.  This 
is  divided  under  two  principal  heads — 1st,  the  conditions  of 
the  contract ;  and  2nd,  the  description  of  the  work. 

The  title  briefly  states  the  nature  and  extent  of  the 
works  to  be  performed,  and  enumerates  the  drawings 
which  are  to  accompany  and  to  form  part  of  the  written 
specification. 

289.  Conditions  of  Contract. — Besides  the  special  clauses 
and  provisions  which  are  required  by  the  particular  circum- 
stances of  each  case,  the  following  clauses  are  inserted  in  all 
specifications : — 
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1.  The  works  are  to  be  executed  to  the  full  intent  and 
meaning  of  the  drawings  and  specification,  and  to  the  satis- 
faction of  the  architect. 

2.  The  contractor  to  take  the  entire  charge  of  the  works 
during  their  progress,  and  to  be  responsible  for  all  losses  and 
accidents  until  their  completion. 

3.  The  architect  is  to  have  power  to  reject  all  improper 
materials  or  defective  workmanship,  and  to  have  full  control 
over  the  execution  of  the  works,  and  free  access  at  all  times 
to  the  workshops  of  the  contractor  where  any  work  is  being 
prepared. 

4.  Alterations  in  the  design  are  not  to  vitiate  the  con- 
tract, but  all  extra  or  omitted  works  are  to  be  measured 
and  valued  according  to  a  schedule  of  prices  previously 
agreed  upon. 

5.  The  amount  of  the  contract  to  be  paid  by  instalments 
as  the  works  proceed,  at  the  rate  of  —  per  cent,  on  the 

amount  of  work  done,  and  the  balance  within  from 

the  date  of  the  architect's  final  certificate. 

Lastly.  The  works  are  to  be  completed  within  a  stated 
time,  under  penalties  which  are  enumerated. 

290.  The  description  of  the  woi-ks  details  minutely  the 
quality  of  the  materials,  and  describes  the  manner  in 
which  every  portion  of  the  work  is  to  be  executed,  the 
fulness  of  the  description  depending  on  the  amount  of 
detailed  information  conveyed  by  the  working  drawings, 
care  being  taken  that  the  drawings  and  specification  should, 
together,  contain  every  particular  that  is  necessary  to  be 
known  in  order  to  make  a  fair  estimate  of  the  value  of  the 
work. 

291.  The  chief  merit  of  a  specification  consists  in  the 
use  of  clear  and  explicit  language,  and  in  the  systematic 
arrangement  of  its  contents,  so  that  the  description  of  each 
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portion  of  the  work  shall  be  found  in  its  proper  place  ;  to 
facilitate  reference,  every  clause  should  be  numbered  and 
have  a  marginal  reference  attached,  and  a  copious  index 
should  accompany  the  whole. 

BILLS  OF  QUANTITIES. 

292.  The  surveyor  being  furnished  by  the  architect  with 
the  drawings  and  specification,  proceeds  to  take  out  the 
quantities  for  the  use  of  the  parties  who  propose  to  tender 
for  the  execution  of  the  work.  This  is  done  in  the  same 
way  that  work  is  measured  when  executed,  except  that 
the  measurements  are  made  on  the  drawings  with  a  scale 
instead  of  on  the  real  building  with  measuring  rods. 

293.  In  taking  out  quantities  there  are  three  distinct 
operations  :  1st,  taking  the  dimensions  of  the  several  parts 
of  the  work  and  entering  them  in  the  dimension  book ; 
2ndly,  working  out  the  quantities  from  the  dimensions,  and 
posting  them  into  the  columns  of  the  abstracts,  which  is 
called  abstracting ;  3rdly,  casting  up  the  columns  of  the 
abstract  and  bringing  the  quantities  into  bill. 

294.  The  dimension  book  is  ruled  and  the  dimensions 
entered  as  in  the  following  examples  : — 


No. 

Dimension. 

Quantity. 

Description. 

16 

ft.  in. 
14  0 

0  2\ 

0  10 

ft.  in. 

1     38  10 

1  Merael  fir  framed  joists  to 
(     front  room  ground  floor. 

In  this  example,  the  work  measured  consists  of  sixteen 
joists,  each  14  ft.  long  and  10  in.  deep  and  2^  in.  thick, 
and  the  total  quantity  of  timber  they  contain  amounts  to 
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38  ft.  10  in.  cube.  In  putting  down  the  dimensions,  the 
length  should  be  1st,  width  next,  and  height  or  depth 
last. 


Dimension. 

No.  of  bricks 
in  thickaess. 

Quantity. 

Description. 

ft.  ins. 
20  6 

11  6 

) 

ft.  in. 

235  9 

1  Stock  brickwork  in  mortar  to 
1  front  wall,  from  footings  to 
(     1st  set-off. 

This  example  needs  no  explanation. 

295.  In  preparing  the  abstract  for  each  trade,  the  sur- 
A^eyor  looks  over  his  dimensions  to  see  what  articles  he  will 
have,  and  rules  his  paper  into  columns  accordingly,  writing 
the  proper  heads  over  each. 

The  principal  point  to  be  attended  to  in  abstracting 
quantities  is,  to  preserve  a  regular  rotation  in  arranging 
the  different  descriptions  of  work,  so  that  every  article  may 
at  once  be  found  on  referring  to  its  proper  place  in  the 
abstract. 

No  fixed  rules  can  be  given  on  this  head,  as  the  form  of 
abstract  is  different  for  every  trade,  and  must  be  varied 
according  to  circumstances ;  but,  as  a  general  principle, 
articles  of  least  value  should  be  placed  first.  Solid 
measure  should  take  precedence  of  superficial,  and 
superficial  of  lineal,  and  miscellaneous  articles  should  come 
last  of  all ;  or  in  technical  terms,  the  rotation  should  be, 
1st,  cubes ;  2nd,  supers. ;  3rd,  runs  ;  and  lastly,  miscel- 
laneous. 

296.  In  bringing  the  quantities  into  bill,  the  same  rota- 
tion is  to  be  observed  as  in  abstracting  them,  care  being 
taken  that  every  article  is  inserted  in  its  proper  place,  so 
that  it  may  readily  be  found  in  the  bill. 
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builders'  estimate. 
297.  The  limits  of  this  volume  prevent  our  going  into 
much  detail  on  the  subject  of  builders'  accounts,  and  we 
must  therefore  confine  ourselves  to  laying  before  the  reader  a 
skeleton  estimate,  which  will  give  him  a  tolerable  idea  of 
the  manner  in  which  the  several  kinds  of  artificers'  work 
are  abstracted  and  broua;ht  into  bill. 


Estimate  for  the  Erection  of- 


-at' 


-for 


according  to  Specification  and  Drawings  numbered 
1  to  — ,  prepared  by  Architect. 


yds.  ft. 
 cute 


ft.  in. 


cwt.  qvs.  lbs. 


rods.  ft. 
 snpl. 


sqrs.  ft. 


yds.  ft. 


ft.  in. 


Foundations. 

Excavation  to  foundations  (including 

cofferdams,  pumping,  &c.)  . 
Concrete  ...... 

Timber  in  piles  driven  —  ft.  through 
(describe  the  material),  including 
ringing,  shoeing,  and  driving,  but 
not  ironwork 

Do.  in  6-in.  planking,  spiked  to  pile 
hpads  ..... 


Wrought  iron  in  shoes  to  piles 
Total  of  foundations  to  be  carried 
to  summary 

Beicklatee. 

Reduced  brick\\'ork  in  mortar 
Do.  do.     in  cement 

Tiling  (describing  the  kind,  whether 
plain  or  pantiling,  if  single  or 
double  laths,  &c.,  &c.)  . 

Bricknogging  to  partitions 
Paving  (of  various  descriptions) 
And  all  other  articles  valued  per 
yard  superficial 

Gauged  arches  .... 
Facings  (with  superior  description 
of  bricks,  specifying  the  quality)  . 

Carried  forward 


£  s.  d. 


at 


£  s.  d. 


£  
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ft.  in. 


cube 


Nos. 


yds.  ft. 

 cube 


ft.  in. 


-supl. 


Nos. 


sqi'B.  ft. 

*  supl. 


Beickiayeb  continued. 

Brought  forward 
Cutting  to  arches  or  splays 

And  all  other  work  valued  by  the 
foot  superficial. 
Barrel  or  other  drains  (specifying 
size,  &c.)     .       .       .       .  . 

Tile  creasing  

And  all  other  articles  valued  by 
running  measure. 
Chimney  pots,  each ;  bedding  and 
pointing  sash  and  door  frames, 
each ;  and  all  miscellaneous  articles 
Total  of  bricklayers'  work  to  be 
carried  to  summary  . 

Mason. 
Rubble  walling 
Hammer-dressed  walling  in  random 
courses  .... 

Stone  (describing  the  kinds)  . 
Labour  on  above  (as  plain  work 

sunk,  moulded,  or  circular  work) 
Hearths,    pavings,    landings,  &c. 

beginning  with  the  thinnest 
Marble  slabs,  beginning  with  the 

thinnest  and  inferior  qualities 
Window  sills,  curbs,  steps,  copings 

&c. 

Joggle  joints,  chases,  &c. 

Mortices  and  rail  holes,  &c. — dowels, 
cramps,  and  other  articles  numbered 
Total  of  mason's  work  to  be  carried 
to  summary  .... 

Carpenter  and  Joiner. 

Labour  and  nails  to  roofs,  floors,  or 

quarter  partitions. 
Battenings  and  boardings  according 

to  description  .... 
Floors,    according    to  description, 

beginning  with  the  inferior  and 

ending  with  the  best  descriptions . 

And  so  on  for  all  work  valued  by 
the  square. 

Carried  forward 


£   s.  d. 


at 


£  s.  d. 
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Caepentbh  and  Joiner  continued. 

Brought  forward 

Memel  fir,  according  to  description, 
as  fir  bond,  fir  framed,  wrought 
and  framed,  wrought,  framed,  and 
rebated,  &c.         .       .       •  .at 

Do.  proper  door  and  window  cases  . 
Then  oak  and  superior  descrip- 
tions of  timber,  in  the  same  way. 
Then  the  superficial  work,  as — 

J-in.  deal  rough  linings,  and  so  on 
Avith  the  different  thicknesses  of 
deals  according  to  the  labour  on 
them ;  arranging  them  according 
to  their  thickness  and  the  amount 
of  labr)ur  on  them,  beginning  with 
the  thinnest  .  .  .  ■ 
Then  oak  plank  or  mahogany  in 

the  same  way. 
Then  take  the  framed  work,  as — 

li-in  deal  square-framed  inclosure 
to  closets,  and  so  on  with  the  rest 
of  the  framed  work,  as  doors, 
shutters,  sashes,  frames,  &c., 
according  to  description 
Then  the  work  valued  by  running 
measure,  as — 

2|    Spanish    mahogany  moulded, 
grooved,  and  beaded  handrail 
Then  the  numbers,  as — 

Mitred  and  turned  caps,  fixing  iron 

balusters,  &c  

Lastly.— The   Ironmongery,  every 
article  of  which  should  be  care- 
fully described  .... 
Total   of  carpenter  and  joiner's 
work  to  be  carried  to  summary 


Slatee. 

Countess,   or  any   other   kind  of 
slating,  according  to  description  . 

Carried  forward        .       .       .  £  

*  In  London,  this  work  would  be  taken  "cube,"  to  include 
material  and  labour  according  to  description.  In  the  North  it  would 
be  taken  in  "  squares  super."  to  include  material  and  labour  accord- 
ing to  size  and  description. 
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Brouglit  forward 
Then  slate  slab,  as — 
Inch    shelves,    rubbed   one  side, 
beginning  with  the  slabs  of  least 
thickness,    and  arranging  them 
according  to  the  labour  bestowed 

on  them  

Then  the  work  valued  by  running 
measure,  as — 
Patent  saddle-cut  slate  ridge  . 
Lastly  the  numbers,  as — 

Holes,  cut,  &c  

Total  of  slater's  work  to  be  carried 
to  summary  .... 

Plasterer. 

First  the  superficial  quantity  of 
plastering,  as — 

Render  float  and  set  to  walls,  begin- 
ning with  the  commonest,  and 
proceeding  through  the  different 
descriptions  of  two  and  three  coat 
work  up  to  the  stuccos  and  superior 
work  ...... 

Then  the  whitewashing,  distemper- 
ing, &c  

Next  the  run  of  cornices,  archi- 
traves, reveals,  &c.,  as — 

Plain  cornice  to  drawing  -  room, 
14-in.  girt  ..... 
And  lastly  the  numbers,  as— 

4  mitres,  1   centre   flower,  30-in. 
diameter,  &c.,  &c. 
Total  of  plasterer's  work  to  be 
carried  to  summary  . 

Smith  and  Iron-Founder. 

Begin  with  the  cast-iron,  as — 
Oast  iron  in  No.  4  girders,  including 

patterns,  painting  and  fixing 

N.B. — State  the  No.  of  patterns. 

Then  the  smaller  castings,  as — 
Railings,  balconies,  columns,  &c.  . 

Then  the  wrought  iron,  as — 
Wrought  iron   in  chimney  bars, 

straps,  screw  bolts,  railings,  &c.  . 

Carried  forward       ,  . 
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yds.  ft. 


No8. 


Nos. 


cwt.  qrs.  lbs. 


ft.  in. 
 run 


Nos. 


yds.  ft. 
 supl. 


Smith  and  Ibon-Foundbe  continued 

Brought  forward 
Then  the  articles  sold  by  running 
measure,  as — 
Cast-iron  gutters,  water-pipes,  &c. 

Lastly  the  numbers,  as — 
Stoves,   coal-plates,  stable-fittings, 

&c  

Total  smith  and  iron-founder's 
work  to  be  carried  to  summary 

Bell-hangee. 

Number  the  bells,  and  describe 
the  mode  of  hanging,  as — 
—  bells  hung  with  copper  wires  in 
concealed  tin  tubes,  with  beUs, 
cranks,  and  wires  complete  . 
And  then  enumerate  the  ornamental 
furniture  to  the  different  pulls 
Total  of  bell-hanger's  work  to  be 
carried  to  summary  . 

Plumber. 

Cast  lead  laid  in  gutters,  hips, 
ridges,  flats,  cisterns,  &c.  ;  in- 
cluding all  solder,  wall  hooks, 
nails,  &c  

Milled        do.  do. 

Then  socket,  rain  -  water,  and 
funnel  pipes,  and  other  work 
valued  by  the  lineal  foot,  as — 

Inch  drawn  pipes  .... 
Lastly  the  numbers,  as — 

J oints,  plugs,  and  washers,  air  traps, 
brass  grates,  cocks,  copper  balls, 
pumps,  water  closets,  apparatus, 

&c  

Total  of  plumber's  work  to  be 
carried  to  summary  . 

Painter. 

Of  painting,  according  to  descrip- 
tion, specifying  the  number  of 
oils,  and  whether  common  or  extra 
colours,  beginning  with  the  work 
in  fewest  coats  and  finishing  with 
the  most  expensive  descriptions  . 

'       Carried  forward 
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Paintee  continued. 


ft.  in. 

 run 

Nos. 

Brought  forward 
Then  the  running  work,  as — 
Skirtings,  plinths,  window  sills,  &c. 

Lastly  the  numbers,  as — 
Frames,  squares,   chimney  pieces, 

&c  

Total  of   painter's   work  to  b( 
carried  to  summary  . 

at  — 

Glazier. 

£  s. 

d. 

ft.  in. 
 supl. 

Glazing,  according  to  description, 
specifying  size  of  squares  and 
quality  of  glass  .... 
Then  the  stained  and  other  orna- 
mental glass ;  and  lastly,  the 
plate  glass. 
Total  of   glazier's  work  to  be 
carried  to  summary  . 

yds.  ft. 
 supl. 

ft.  in. 

yds.  ft. 
—  —  run 
Nos. 

>> 

Papee-hanger  and  Decorator. 
Distemperibg  according  to  descrip- 

Scagliola  slabs  do. 

Gold  mouldings  .... 
Pieces  of  paper  hung,  according  to 

description,  including  preparing 

walls — Hanging,  lining,  paper, 

and  pumicing  do. 
Dozen  of  borders  .... 

Total    of    paper  -  hanger  and 
decorator"  s  works  to  be  carried 

>> 

)) 

£  s. 

d. 

to  summary  .... 

£ 

Sundries. 

£  s. 

d. 

Temporary  fencings — watching  and  lighting  works 
Office  for  clerk  of  works  ..... 

Surveyor's  charge  for  bills  of  quantities 

Total  sundries  to  be  carried  to  summary 

£ 

Carried  forward 
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£  R.  d. 

Brought  forward 

SUMMAKY  OF  BiLLS. 

Foundations  

Bricklayer     .       .       .       .  • 

Mason   .       .  ... 

Carpenter  and  joiner 
Slater  ...... 

Plasterer        .       •       •       •  • 

Smith  and  iron-founder  . 
Bell-hanger   .       .       .  . 

Plumber,  painter,  and  glazier 
Paper-hanger  and  decorator  . 
Sundries  

Total  amount  of  estimate 


PROCEDURE  IN  ERECTION  OF  BUILDINGS. 

298.  The  architect  furnishes  the  builder,  whose  tender  is 
accepted,  with  copies  of  the  drawings  from  which  the  quan- 
tities have  been  taken  off. 

By  reference  to  these,  the  builder  can  at  all  times  satisfy 
himself  that  the  detailed  drawings,  furnished  for  the  exe- 
cution of  the  work,  contain  nothing  beyond  what  he  has 
contracted  for. 

Copies  of  the  drawings  and  specification  are  attached  to 
the  contract  deed,  and  are  signed  by  the  builder  and  other 
parties  respectively  concerned, 

299.  It  scarcely  ever  happens  that  a  large  undertaking 
can  be  carried  into  execution  without  considerable  depar- 
ture from  the  contract  designs,  especially  in  the  matter  of 
foundations  and  underground  work  ;  the  exact  nature  and 
extent  of  which  must  often  be  uncertain  until  the  works 
are  commenced. 

To  provide  for  these  contingencies  without  setting  aside 
the  contra,ct,  the  builder's  estimate  is  accompanied  by  a 
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schedule  of  prices  at  which  he  undertakes  to  execute  any 
additional  work  that  may  be  required,  or  to  value  any  work 
that  may  be  omitted.  This  schedule  should  be  very  care- 
fully drawn  out,  so  that  there  shall  be  no  dispute  as  to  its 
meaning  ;  thus,  under  the  head  of  brickwork,  it  should  be 
clearly  understood  whether  centering  is  included  in  the 
price  named,  or  whether  it  is  to  form  an  additional  charge ; 
with  iron-founder's  work,  whether  the  price  includes  pat- 
terns, and  so  on  with  every  description  of  work. 

300.  For  taking  out  quantities,  surveyors  are  allowed  a 
commission  of  2^  per  cent,  on  the  cost  of  the  work,  and 
they  are  responsible  to  the  builder  for  any  omissions  which 
may  have  to  be  made  good  by  the  latter. 

301.  Architects  are  remunerated  by  a  commission  of  5 
per  cent,  on  the  amount  expended  under  their  direction, 
besides  travelling  expenses,  salary  of  the  clerk  of  the 
works,  and  occasionally  other  charges,  according  to  circum- 
stances. 


SECTION  VI. 


AN  IDEAL  DWELLING: 

A  FEW  OF  THE  MOST  IMPORTANT  POINTS  AND  DETAILS 
NECESSARY  TO  ITS  ATTAINMENT. 

By  J.  P.  ALLEN. 

The  first  proceeding  of  a  person  who  purposes  building  a 
house  to  live  in,  is  necessarily  to  select  a  site,  and  the 
points  which  will  have  to  be  borne  in  mind  are  (1)  Aspect ; 
(2)  Surroundings  ;  (3)  Subsoil  and  Drainage ;  (4)  Water 
and  Lighting ;  and  lastly  (5)  AccessibiUty. 

Aspect— The  comfort  and  pleasure  of  living  in  the 
country  are  increased  or  diminished  by  the  aspect  selected, 
and  it  is  important  that  a  southerly  or  western  front 
should  be  found  for  the  reception  and  best  rooms  of  a 
dwelling,  because  sunshine  leads  so  much  to  the  brightness 
and  health  of  the  inhabitants.  Therefore  it  is  advisable 
that  the  dining,  drawing,  and  best  bed-rooms  should  be 
placed  fronting  the  sun,  and  the  rooms  for  use  in  the  early 
morning,  such  as  the  breakfast-room,  may  with  advantage 
be  faced  to  the  east,  while  the  domestic  apartments  and 
offices  can  be  placed  to  the  north  and  north-east.  In  fact 
it  is  better  for  pantries,  larders,  and  stores  to  be  situated 
where  the  temperature  cannot  be  much  varied  by  the  rise 
and  fall  of  the  sun  ;  and,  furthermore,  studies  and  libraries 
can  with  advantage  be  arranged  to  face  the  north,  as  the 
light  in  that  quarter  is  much  more  regular. 
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Surroundings. — The  position  of  the  front  and  back  en- 
trances is,  of  course,  regulated  by  the  position  of  existing 
roads — the  main  entrance  being  from  a  main  road,  the 
back,  tradesmen's,  and  stable  entrances  best  approached 
from  side  or  subsidiary  roads  and  lanes. 

The  garden  and  conservatories  should  always  be  on  the 
south  and  west,  and  naturally  the  site  selected  should  have 
the  picturesque  and  open  views  from  that  frontage. 

Trees  and  plantations,  where  possible,  should  be  to  the 
east  and  north,  because  they  form  a  protection  from  the 
cold  blasts,  rendering  house  and  garden  very  snug,  and  the 
latter  more  successful  and  productive  ;  but  on  the  other 
hand,  the  trees,  especially  if  lofty,  should  be  at  some  distance 
from  the  house,  as  trees  in  the  immediate  vicinity  of  a 
house  often  are  the  cause  of  smoky  chimneys. 

Subsoil  and  Drainage. — These  considerations  are  often 
closely  identified,  especially  in  rural  localities,  and  are  both 
of  them  very  important  in  regard  to  health. 

The  best  subsoil  is  gravel,  and  sand  or  rock  are  the  next 
most  suitable,  clay  of  course  being  the  last  one  viewed  from 
an  hygienic  point,  because  of  its  coldness  and  subjection  to 
the  variations  of  temperature. 

The  adaptability  of  the  contour  of  the  ground  for  good 
and  easy  drainage  is  a  desideratum,  inasmuch  as  drains 
must  have  a  sufficient  fall  wherever  they  go  to,  and  the 
further  the  refuse  of  a  dwelling  can  be  taken  the  better. 

In  urban  districts  the  drainage  of  a  house  can  be  dis- 
charged into  the  local  sewers,  by  which  it  is  carried  away 
and  disposed  of  in  an  efficient  manner,  and  in  such  a  case, 
provided  the  sewers  and  sewage  disposal  works  are  good, 
all  that  is  necessary  to  the  householder  is  to  have  his 
drainage  system  thoroughly  trapped  just  before  it  enters 
the  sewer ;  and  his  own  system  should  thence  be  treated 
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with  easy  and  gradual  falls,  not  less  than  twelve  inches  per 
ten  times  the  diameter  of  the  pipe  in  feet  {i.e.  a  4-in.  drain 
should  have  one  foot  fall  in  forty  feet,  and  a  6-in.  drain 
one  foot  fall  in  sixty  feet),  and  the  smaller  the  pipe  the 
more  thoroughly  and  completely  the  pipes  themselves  will 
he  flushed.  Every  system  or  series  of  pipes  should  be 
well  and  periodically  flushed  by  baths  at  the  head  of  the 
run,  or  by  adequate  cisterns  discharging  automatically,  and 
at  every  change  of  direction  a  spacious  manhole  should  be 
placed.  The  sides  and  bottoms  of  these  manholes  should 
be  most  carefully  constructed  so  that  no  solids  can  adhere 
and  collect,  and  intermediately  in  the  lengths  of  piping 
lamp-holes  or  inspection  eyes  should  be  placed  so  that 
stoppages  may  be  traced  and  the  efiiciency  of  the  drainage 
inspected.  These  and  the  manholes  should  be  airtight,  so 
that  no  noxious  gases  may  be  emitted,  and  all  manhole 
covers  should  be  embedded  into  the  frames  in  tallow. 

Furthermore,  each  system  of  piping  should  be 
thoroughly  ventilated  with  an  inlet  at  the  lowest  end, 
and  an  outlet  of  the  same  capacity  discharging  high  up 
above  the  windows  of  the  house ;  and  every  branch  to  sinks 
and  other  discharges  from  the  dwelling  should  be 
efficiently  trapped  with  a  deep  water-seal,  which  in  dry 
weather  should  be  periodically  replenished  with  water,  so  as 
to  counteract  any  evaporation. 

In  rural  districts  it  is  not  always  possible  to  run  the 
drainage  into  sewers,  and  in  such  cases  the  owner  must 
necessarily  dispose  of  the  refuse  from  his  own  house  : — 

(1)  By  a  cesspool  removed  a  considerable  distance  from 
the  house  and  in  the  direction  in  which  the  prevailing  winds 
would  carry  away  any  possible  smells.  The  cesspools 
should  be  large  enough  not  to  require  frequent  emptying 
out,  they  should  be  ventilated  at  a  height  as  before,  and 
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be  provided  with  an  adequate  overflow  for  the  liquids 
discharging  into  a  ditch  or  percolating  through  the  soil,  if 
it  is  not  clay ;  and  the  drainage  should  be  trapped  efficiently 
to  prevent  gases,  etc.,  ascending  from  the  cesspools.  Some 
authorities  believe  in  making  the  cesspools  airtight — the 
contention  being  that  any  microbes  which  might  germinate 
would  die  for  want  of  air. 

(2)  In  case  where  cesspools  are  not  desirable,  the 
sewage  can  be  disposed  of  by  means  of  irrigation  over  or 
through  the  land,  but  such  a  system  would  only  be  a 
success  where  the  ground  lends  itself  to  percolation — clay 
and  rock  would  lead  to  failure. 

Whether  with  the  system  of  irrigation  or  cesspools,  the 
same  strictness  relating  to  the  drains  should  be  enforced 
as  pertains  to  the  drains  connected  to  a  sewer,  and  all 
drains  should  be  laid  on  and  encased  in  cement  concrete 
to  prevent  leakage  due  to  settlements,  etc. 

Water  and  Lighting. — A  good  water  supply  is  as  impor- 
tant as  good  drainage,  and  wherever  it  is  obtained  from  it 
should  be  analysed  periodically  to  make  sure  that  pure  and 
wholesome  water  is  being  obtained,  and  that  no  contamina- 
tion is  taking  place. 

Urban,  and  occasionally  rural  districts,  as  a  rule,  are 
supplied  under  a  general  scheme  sanctioned  by  the  author- 
ities, and  in  such  cases  the  householder  need  have  little 
trouble,  but  he  should  look  for  sufficient  pressure  and 
quantity  at  various  points  to  be  the  better  able  to  cope 
with  fire,  and  it  is  always  desirable,  whether  the  source  of 
supply  be  continuous  or  intermittent,  to  have  large  cisterns 
in  the  roof  to  lay  in  a  stock  of  water  in  case  of  accident, 
When  the  water  has  to  be  provided  by  the  building  owner 
himself  (such  a  contingency  must  be  borne  in  mind  when 
selecting  a  locality,  as  the  water  will  have  to  be  collected 
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from  springs  in  the  land,  and  very  often  gravel  and  rock 
are  the  only  strata  in  which  springs  exist),  a  well  has  to  be 
sunk  in  a  position  selected  on  account  of  its  springs  and 
freedom  from  risk  of  contamination  by  the  surface  water 
and  drainage.  A  well  should  always  be  in  ground  at  a 
higher  level  than  any  drains,  cesspools,  etc.,  and  it  should 
be  sunk  to  such  a  depth  as  will  ensure  a  plentiful  supply  in 
the  driest  of  seasons,  and  there  are  cases  in  which  small 
reservoirs  are  necessary,  or  a  series  of  wells  arranged  to  act 
as  feeders  to  the  main  one. 

It  will  be  found  necessary  to  pump  the  water  up  into  the 
cisterns  of  the  house,  and  the  frequency  of  the  pumping 
will  be  regulated  by  the  demand  for  water,  the  extinguish- 
ing of  an  outbreak  of  fire  not  being  lost  sight  of. 

Where  the  main  well  exceeds  25  feet  in  depth,  a  force- 
pump  will  be  necessary,  and  this  should  be  driven  by  power — 
in  fact,  it  would  be  better  to  supersede  manual  labour  in  any 
case.  This  can  be  easily  and  inexpensively  accomplished 
where  electric  power  is  used  for  lighting  and  other 
purposes.  There  are  instances  in  which  the  pumps  have 
been  worked  by  a  small  windmill,  but  its  action  is  un. 
certain  from  variation  of  the  wind. 

Lighting  is  another  important  consideration,  especially  in 
a  rural  district,  where  very  probably  there  is  no  gas 
service,  and  even  where  this  is  available  it  would  be  of 
advantage  to  utilize  it  only  to  drive  a  gas  engine  to  pro- 
mote power  for  creating  electricity,  which  will  be  found  of 
incalculable  utility  in  pumping  water  and  driving  laundry 
and  stable  machinery,  in  addition  to  supplying  light.  The 
electric  light  is  not  much  more  expensive  to  install  than 
gas  when  a  new  building  is  being  dealt  with  ;  besides  which 
it  is  less  risky  in  causing  fire,  is  healthier,  and  does  not 
destroy  the  internal  decorations  in  so  short  a  time  as  gas. 
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Where  gas  is  not  available  to  drive  the  engine,  the  pro- 
vision of  coal,  oil,  or  other  fuel  should  he  considered ;  but 
on  the  other  hand  a  river  or  waterfall  may  be  utilised  to 
provide  the  power  to  create  the  electricity. 

Acetylene  gas  and  oil  are  two  other  illuminants  open  to 
the  householder,  but  they  are  nothing  to  be  compared  with 
electricity  and  ordinary  coal  gas,  besides  which  the  risk 
of  explosion  is  greater  with  acetylene  gas,  and  lamps  are  a 
terrible  nuisance. 

Acetylene  gas  is  laid  over  the  house  by  piping  in  exactly 
the  same  manner  as  ordinary  coal  gas,  and  it  is  generated 
in  a  separate  building  erected  for  the  purpose. 

Accessibility. — This  point  relates  to  the  supply  of  the 
building  materials,  during  erection,  and  afterwards  to 
the  carriage  of  coal  and  other  necessaries  required  during 
occupation,  and  it  is  always  worthy  of  consideration. 

A  town  and  railway  should  also  be  within  easy  reach 
to  render  a  house  above  reproach,  and  it  may  be  worth 
while  to  look  at  the  selection  of  a  site  from  the  point  of 
view  of  providing  sport  and  occupation,  as  opportunitj'-  for 
hunting,  shooting,  fishing,  golfing,  and  other  recreations  is  a 
valuable  asset  which  often  brings  a  purchaser  when  one  is 
required.  The  writer  is  of  opinion  that  everyone  who 
purposes  building  a  house  should  not  lose  sight  of  such  a 
contingency,  and  he  should  not,  except  under  specially  good 
circumstances,  build  a  house  for  himself  only — a  house  in 
which  fads  and  fancies  are  met  with  at  every  turn  which 
as  a  rule  are  only  of  value  to  one  person. 

Having  obtained  the  ideal  site  fulfilling  most,  if  not  all, 
of  the  favourable  conditions  hereinbefore  enumerated,  the 
client  instructs  his  architect  to  prepare  plans  embodying 
his  requirements  and  wishes,  and  when  the  plans,  elevations, 
and  sections  have  been  finally  completed  and  approved  of. 
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he  will  do  well  to  instruct  his  architect  to  have  quantities 
prepared  and  estimates  sought  from  selected  builders,  in  pre- 
ference to  advertising  for  tenders  from  any  and  everybody 
— a  course  which  oftentimes  only  leads  to  trouble  and 
ultimate  loss. 

An  endeavour  will  now  be  made  to  call  attention  to  the 
points  and  details  of  the  building  to  which  consideration  is 
due  in  attaining  the  ideal  dwelling  sought,  and  it  should  be 
understood  that  the  advice  to  be  given  is  for  the  ultimate 
welfare  of  the  erection  and  its  owner ;  and  although  it  may 
mean  increased  expense  in  the  first  instance,  yet  experience 
has  proved  that  a  good  thing  well  done  is  always  a  good 
thing,  but  the  contrary  has  either  to  be  endured  or  made 
good,  sooner  or  later,  at  the  cost  of  a  bad  and  a  good  article 
combined — to  say  nothing  of  the  attendant  worry  and  dis- 
satisfaction. 

In  the  planning  of  the  rooms  and  arrangement  of  doors 
and  windows,  it  is  important  that  the  position  of  the  furni- 
ture be  assigned,  particularly  in  the  case  of  the  bedrooms. 
The  bed  should  be  in  a  healthy  position  not  far  from  the 
fire,  the  washing-stand  hidden  from  the  door  and  windows, 
the  dressing-table  convenient  for  light  and  unseen  from  the 
door.  The  bath-rooms  and  w.c.'s  should  be  placed  in 
positions  on  each  floor  convenient  to  all  rooms,  easily  to  be 
found  and  yet  not  in  obtrusive  places  which  are  passed  by 
everybody  in  the  house,  and  each  should  be  provided  with 
a  properly  ventilated  intercepting  lobby. 

Foundations  and  Cellars. — The  nature  of  the  natural 
foundation  must  first  be  ascertained,  and  if  it  is  not 
adequate  to  support  the  superstructure  it  must  be  made 
sufficiently  strong  by  artificial  means. 

Kock,  gravel,  and  a  good  stiff  clay  as  a  rule  are  good 
enough  to  carry  any  ordinary  building  provided  the  weight 
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of  the  superstructure  is  spread  cand  distributed  over  a 
sufficient  area,  and  it  should  be  noted  that  all  foundations 
should  be  not  less  than  three  feet  below  the  surface,  out  of 
the  reach  of  atmospheric  influence,  which  is  particularly 
noticeable  with  clay,  a  material  acted  upon  seriously  by 
both  excessive  wet  and  extreme  heat. 

With  foundations  in  any  strata  other  than  rock,  gravel, 
and  clay,  the  concrete  must  be  sufficient  in  width  and 
depth  to  carry  the  building,  and  with  sand  and  other  com- 
pressible subsoils  it  is  often  advisable  to  spread  the 
concrete  more  than  by  the  rule  hereafter  given,  for  a  little 
care  now  will  obviate  the  unequal  settlements  which 
gradually  appear  in  time  and  spoil  the  building. 

A  good  rule  is  to  make  the  bottom  footing  in  brick  or 
stone  equal  in  width  to  twice  the  thickness  of  the  walls  at 
the  ground  floor,  and  to  spread  the  concrete  out  six  inches 
further  on  both  sides,  and  the  footing  courses  should  be 
built  with  the  bricks  in  heading  courses  and  the  stones  in 
large  flat  bedded  rubble.  The  Avail  should  then  be  brought 
up  to  the  plinth  level,  which  varies  fi'om  six  to  twelve 
inches  above  the  general  surface,  and  care  should  be  exer- 
cised that  the  interior  of  the  walls  are  well  flushed  up  with 
or  grouted  in  the  mortar  specified,  a  detail  which  is  too 
often  neglected  in  the  work  below  and  above  ground, 
especially  in  cellars  and  outer  walls  exposed  to  unusual 
driving  rains. 

If  the  ground  shows  signs  of  retaining  moisture  to  any 
degree,  it  would  not  be  undesirable  to  build  the  cellars  in 
cement  mortar,  and  if  water  is  in  evidence  and  likely  to  be 
pressed  against  the  walls  by  higher  ground,  etc.,  it  might 
be  necessary  to  render  the  exterior  of  the  outer  walls  below 
ground  with  a  coating  of  asphalte  or  cement  (the  former 
preferably),  and  cases  have  been  known  where  it  was 
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necessary  to  carry  the  asphalte  under  the  floor  to  enclose  the 
cellar  in  a  "  tank,"  so  that  water  could  not  rise,  enter,  or 
be  driven  in  under  pressure.  In  addition  to  these  pre- 
cautions an  open  field  drain,  covered  with  wheat  straw,  at 
the  bottom  of  the  wall,  with  the  filling  in  up  to  the  ground 
line  executed  in  broken  rubble,  will  often  relieve  the 
pressure,  and  the  water  is  then  conducted  away  from  the 
building. 

Damp-proof  Course. — Having  got  our  work  up  to  plinth 
level  or  thereabouts,  the  damp-course  would  be  spread  in 
one  unbroken  surface  over  the  whole  of  the  walls,  under  all 
woodwork,  and  three  or  four  inches  above  the  outside 
surface,  and  this  layer  should  be  in  some  impervious 
material  similar  to  asphalte  or  slate  in  cement,  and  such  as 
will  effectually  preclude  the  ascent  of  damp. 

The  main  or  outer  walls  are  then  built  up  to  the  roof  in 
varying  thicknesses  to  suit  the  different  requirements,  and 
it  is  always  a  boon  to  build  the  external  walls  of  such  a 
thickness  that  the  interior  of  the  house  is  warm  in  winter 
and  cool  in  summer,  and  what  is  more  important  still,  proof 
against  driving  rains,  but  this  cannot  be  obtained  in  the 
south  unless  the  walls  are  at  least  fourteen  inches  thick  for 
brick  and  sixteen  inches  for  stone  ;  and  in  the  northern  dis- 
tricts, subject  most  to  driving  winds  and  rains,  it  is  necessary 
to  make  brick  walls  either  eighteen  inches  thick  solid,  or 
sixteen  inches  thick  with  a  2-in.  cavity  between  the  9-in. 
and  4i-in.  brick  leaves  or  skins,  and  for  stone  walls  the  thick- 
ness should  be  twenty-one  or  twenty-two  inches,  with  three- 
quarter  bonders  in  preference  to  "throughs"  where  the 
stone  is  in  any  way  porous. 

It  should  be  understood  that  the  cavity,  when  ventilated 
at  top  and  bottom,  is  an  excellent  non-conductor  of  heat, 
cold  or  rain. 
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Of  course  there  are  other  means  of  preventing  the  penetra- 
tion of  damp — such  as  vertical  tiling,  or  slating,  or  cementing 
to  the  exteriors ;  but  all  these  are  more  or  less  unsightly 
and  subject  to  their  suitability  and  adaptability  to  archi- 
tectural treatment,  and,  in  addition,  coatings  of  patent 
waterproof  solutions  are  applied  to  absorbent  bricks  and 
stone  to  get  rid  of  the  suction  present. 

Sometimes  asphalte  or  other  impervious  material  may  be 
with  advantage  poured  into  the  vertical  cross  joints  to  form 
as  it  were  an  inner  coating ;  but  this  is,  like  "  flushing  up  " 
and  "grouting,"  very  apt  to  be  forgotten,  and,  unless  the 
coating  is  complete  and  continuous,  it  is  of  little  use. 

Damp  is  also  experienced  where  ^jarapet  walls  and  water 
tablings  or  copings  are  used  at  the  top  of  gables  and  gutters ; 
the  wet,  of  course,  descending  and  soaking  through  the 
bricks  and  stone.  Trouble  from  this  source  may  be  pre- 
vented by  a  damp-proof  course  of  asphalte  or  other  pliable 
impervious  material,  laid  on  the  walls  underneath  the 
copings  and  just  over  the  flashings,  a  similar  remedy  being 
used  where  the  wet  has  descended  at  the  chimneys. 

Bricks. — Common  bricks  can  be  procured  nearly  every- 
where, but  their  quality  naturally  varies,  and  the  general 
defects  to  be  avoided  are  the  presence  of  lime  and  softness. 
A  good  brick  should  be  hard  and  non -absorbent,  giving 
forth  a  clear  ring  when  struck  with  the  trowel,  a  dull  thud 
indicating  softness  and  incomplete  burning,  which  are  defects 
not  to  be  overlooked  or  passed  over  for  any  consideration. 
The  presence  of  lime  in  any  quantity  also  cannot  be  lightly 
considered,  for  the  extent  of  its  evil  influence  is  far-reaching ; 
it  may  burst  and  disintegrate  the  brick  at  any  time,  and 
moreover  damages  work  such  as  plastering  when  applied  to 
bricks  containing  lime;  these  must  be  avoided  and  cast 
aside  forthwith. 


186 


RUDIMENTS  OF  THE 


Efflorescence,  the  white  powdery  film  appearing  on  the 
surface  of  the  brickwork,  is  due  to  magnesia  or  a  sulphate 
or  salt  present  in  either  the  bricks  or  mortar,  but  as  a  rule 
it  will  disappear  completely  in  course  of  time,  except  in 
districts  where  a  supply  of  salt  is  periodically  being  im- 
pregnated into  the  walling  by  means  of  storms  and  wind 
from  off  the  sea. 

The  bond  in  which  brickwork  is  built  should  be  either 
English  or  Double  Flemish,  the  former  being  stronger  on 
account  of  the  greater  number  of  headers  used  to  form 
cross  bond,  while  the  latter  is  more  sightly,  particularly  in 
facing  bricks  where  the  colour  of  headers  varies  from  that 
of  stretchers,  a  point  readily  understood  when  it  is  pointed 
out  that  in  English  bond  we  have  a  row  of  headers  and  a 
row  of  stretchers  alternately,  and  in  Flemish  the  stretchers 
and  headers  are  arranged  alternately  in  the  same  row  or 
course. 

Single  Flemish  bond  should  never  be  permitted  on 
account  of  the  snap  headers  necessary,  the  resulting  walls 
being  very  weak  on  that  account,  A  course  or  two  of 
sanded  hoop  iron  laid  between  the  head  of  a  lower  floor 
window  and  the  sill  of  an  upper  floor  window,  oftentimes 
proves  an  efficient  longitudinal  bond. 

In  every  kind  of  walling,  however,  too  little  attention 
cannot  be  paid  to  the  quality  of  the  mortar,  which  should 
be  made  of  materials  that  will  set  hard  inside  the  walls  as 
well  as  on  the  outside,  where  the  air  assists  its  setting. 
The  best  "  poor  "  lime  and  sand  in  a  locaHty  oftentimes 
make  inferior  mortar,  whatever  attention  be  paid  to  its 
mixing  and  proportions,  and  it  will  occasionally  be 
found  that  a  poor  lime  (that  is,  poor  in  hydraulicity), 
and  the  best  procurable  over  a  very  wide  area,  may  be 
much  improved  by  a  good  quality  of  sand,  which  at  all 
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times  should  be  sharp  and  coarse  in  lieu  of  fine  ;  and 
furthermore,  good  clean  ashes  will  often  have  a  still  more 
beneficial  effect  on  the  mortar. 

A  good  mortar  should  set  hard  quickly  both  inside  and 
outside  the  wall,  and  it  should  adhere  to  the  bricks,  especi- 
ally at  the  vertical  joints  where  contraction — perhaps  years 
in  taking  place  with  a  slow  setting  mortar — is  apt  to  leave  a 
very  slight  space  through  which  wet  is  driven,  the  soft 
mortar  inside  absorbing  and  sucking  it  in,  instead  of  forming 
an  obstruction  to  its  ingress. 

A  lime  which  has  a  certain  amount  of  hydraulicity 
should  be  used  in  making  the  mortar,  the  additional 
expense  of  which  is  infinitesimal  compared  with  the  benefit 
received. 

In  the  fronts  or  elevations  of  the  building,  a  little  care  is 
required  in  the  selection  of  facing  bricks  and  stones,  those 
being  chosen  which  will  absorb  comparatively  little  water  j 
it  will  be  found  that  the  capacity  for  absorption  may  be 
the  measure  of  its  longevity — especially  where  the  sun  is 
little  seen  or  felt. 

As  a  rule,  it  will  be  experienced  that  a  stone  lasts  longer 
in  its  own  climate  and  locality,  and  with  sandstones  there 
will  be  less  absorption  than  with  limestones,  and  the 
former  will  last  longer  in  towns  and  near  the  sea.  A  sand- 
stone is  always  more  expensive  than  a  limestone,  but  its 
durability  is  greater. 

All  stones  should  as  a  rule  be  laid  on  their  natural  beds, 
that  is,  the  layer  or  bed  of  their  formation  in  the  same 
position  as  it  was  when  in  the  quarry. 

Another  small  detail  worthy  of  careful  attention  is  the 
bedding  in  of  door  and  window  frames ;  the  jamb  of  the 
opening,  parallel  to  the  outside,  should  be  screeded  with 
haired  lime  all  over,  and  the  frame  put  up  against  it,  and 
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then  firmly  wedged  forward  so  that  the  pressure  of  the 
wind  cannot  move  it  towards  the  interior ;  the  joint 
between  the  frame  and  the  reveal  should  then  be  flushed  up 
and  pointed  with  mastic  cement  in  oil. 

All  door  and  window  frames  should  be  set  in  reveal,  i.e., 
sunk  back  within  the  face  line  some  4^  or  9  inches,  and 
the  joint  between  the  stone  and  wood  sills  should  be  made 
with  an  iron  tongue  let  into  stone  and  wood  and  well 
bedded  in  white  lead,  which  should  also  be  applied  the  full 
.  width  of  the  wood  covering  the  stone. 

/  \  All  brick  weatherings  and  projecting 

courses  should  be  laid  and  pointed 
in  cement   mortar,   and    all  stone 
^1^^^^^^^^^^^^    weatherings  should  be  as  quick  as 


Fig.  107.  possible,  and  the  joints  thereon  "sad- 

dled," i.e.,  raised  thus  to  throw  the 
wet  away  from  the  joints.    (See  Fig.  107.) 

Projections,  in  whatever  material,  should  always  be 
"  throated  "  on  their  underside  to  prevent  the  water  from 
running  down  the  walls,  causing  discolouration  and  damp* 
Water  cannot  ascend  up  the  throat  A,  Fig.  108,  and  so  it 
will  drop  off",  a  fact  particularly  noticeable  in 
copings  to  boundary  and  other  walls,  as  experi- 
ence teaches  us  that  the  pointing  of  a  wall  not 
protected  by  a  throated  overhanging  coping  is  -p.^ 
always  being  damaged  by  frost,  simply  because 
the  rain  pours  down  its  face  and  presents  it  to  the  action 
of  the  frost,  which  does  not  damage  a  dry  wall. 

Smoky  chimneys  can  be  avoided  by  attending  to  a  few 
details,  such  as  the  building  of  well-twisted  flues  of  one 
uniform  size  throughout,  placing  the  chimney  stacks  on  inner 
walls,  and  always  having  nine  inches  of  brickwork  between 
the  inside  of  the  flue  and  the  atmosphere,  or  fire-clay  flue 
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linings  inside  the  4|^-in.  work,  as  a  cold  flue  will  often  prevent 
the  smoke  from  ascending.  Furthermore,  the  chimney  stacks 
should  be  carried  up  three  or  four  feet  above  the  highest 
ridge ;  the  chimney  pot  should  not  have  a  reduced  outlet ; 
tall  trees  should  be  kept  at  a  distance ;  and  a  windledge  in 
the  flue  over  the  fireplace  will  reduce  the  down  draught, 
while  an  inlet  of  fresh  air  will  increase  the  up  draught. 

The  Roof. — A  good  roof,  with  efficient  foundation  and 
walls,  completes  the  exterior  of  a  building,  and  with  these 
three  points  and  the  floors  in  perfect  condition  (the  other 
items  of  a  building  can  be  easily  put  right  if  found  defec- 
tive) the  carcase  can  always  be  said  to  be  sound. 

All  roofs  should  be  constructed  with  good  redwood,  of 
sizes  and  arrangement  adequate  to  the  necessity  of 
upholding  the  roof  coverings  in  the  condition  in  which 
they  are  first  put  on. 

The  details  of  naked  roof  construction  have  been 
explained  in  the  first  section  of  this  volume,  and  it  is 
important  that  the  framing  should  be  sufficiently  strong  to 
resist  in  a  rigid  state  the  most  violent  storms  of  wind  and 
snow.  Having  attained  that  state  of  perfection,  the  client 
is  now  confronted  with  the  coverings,  the  consideration  of 
which  is  often  decided  by  the  design  and  the  locality. 

Flat  roofs  are  covered  with  copper,  lead,  or  asphalte,  all 
good  materials,  more  or  less  costly,  but  efficient,  especi- 
ally if  laid  on  wood  framing,  with  the  boards  running  the 
way  of  the  fall,  and  not  across,  to  be  raised  up  by  the  heat, 
and  to  cause  a  slight  ridge  which  in  course  of  time  will  lead 
to  the  lead  being  worn  thin.  Asphalte  will  crack  when 
laid  on  concrete,  due  to  the  movement  of  the  iron  or  steel 
work,  expanded  or  contracted  by  the  variation  in  tempera- 
ture :  hence  wood  joists,  boards,  and  felt  underneath,  are 
the  best. 
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Flat  roofs  always  allow  of  snow  lying,  a  fact  which 
should  not  be  forgotten  in  making  the  "  upturns  "  against 
walls,  etc.  of  adequate  depth,  and  the  evil  may  be  further 
minimised  by  using  snow  trellis  over  the  flat  surfaces,  which 
will  form  a  latticed  covering  to  support  the  snow  and  allow  it 
to  drain  through  the  spaces  on  to  the  roof,  when  it  becomes  no 
worse  than  rain  water  to  get  away.  Pitched  roofs  may  be 
covered  with  slates  or  tiles,  according  to  taste,  and  the  pitch 
of  the  roof  must  be  steep,  i.e.,  not  less  than  45  degrees 
for  tiles,  and  35  degrees  for  slates. 

Tiles  are  non-conductors  of  heat,  and  slates  the  reverse, 
hence  it  is  important  that  felt  should  be  used  under  slates 
to  remedy  that  deficiency. 

Tiles  and  slates  should  have  a  three  inch  overlap,  i.e., 
the  third  one  should  lap  three  inches  over  the  first  one 
laid. 

All  slates  should  be  nailed,  with  two  stout  copper  nails  to 
each  slate,  to  redwood  laths;  and  in  exposed  situations, 
tiles  usually  held  up  by  nibs  resting  on  the  laths,  should 
have  every  third  course  nailed,  as  a  precaution  against  the 
tiles  being  lifted  ofi"  in  a  gale. 

Welsh  slates  are  blue,  and  the  Westmorland  a  beauti- 
ful green,  the  latter  being  twice  as  costly  as  the  former, 
although  there  is  no  difference  in  their  efficiency. 

It  is  important  in  both  slated  and  tiled  roofs  that  all  hips, 
ridges,  valleys,  and  joints  against  vertical  surfaces,  should 
be  made  secure  and  watertight,  leadwork  of  adequate 
strength  being  utilised  in  no  unstinted  measure,  and  all 
should  have  under-flashings  of  lead  and  be  pointed  up  in 
oil  mastic. 

All  vertical  and  inclined  leadwork  should  have  a  lap  of 
from  four  to  six  inches  at  each  joint,  and  on  the  flat  the 
joints  should  be  made  by  means  of  drips  and  rolls. 
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It  is  often  a  matter  of  discussion  when  considering  the 
character  of  the  building  to  be  erected,  whether  the  eaves 
and  gables  shall  be  overhanging  or  flush  with  copings,  and 
where  such  is  not  decided  by  the  design  proposed,  it  may- 
be pointed  out  that  overhanging  eaves  and  gables  have  dis- 
advantages in  that  they  darken  the  house  and  keep  off  the 
sun.  They  also  form  a  harbour  for  birds  building  about  the 
place,  and  in  very  windy  districts  they  provide  an  obstruc- 
tion to  the  force  of  gales,  cases  being  known  where  the 
wind  has  lifted  off  the  roof  by  means  of  these  projections 
and  overhangings ;  on  the  other  hand  they  have  an  advantage 
over  gables  in  that  they  are  cheaper,  and  not  so  likely  to 
allow  the  wet  to  soak  in. 

Floors. — An  ideal  floor  is  one  that  is  fire  and  sound-proof, 
and  suflRciently  strong  for  its  purpose,  with  a  covering  suited 
to  requirements — such  as  tiles  for  bathrooms,  w.c.'s,  cor- 
ridors, and  domestic  apartments,  wood  of  various  kinds  for 
sleeping  and  reception  rooms — but  such  a  floor  is  necessarily 
more  expensive  than  the  ordinary  joisted  floors  met  with 
in  every-day  life. 

It  is  possible  to  make  a  wood  floor  fireproof  and  also 
sound-proof  :  in  fact  the  writer  is  of  the  opinion  that  wood 
is  the  only  floor  that  is  fireproof,  in  the  cases  where  the 
building  as  a  whole  is  not  seriously  damaged  by  fire — we 
know  that  all  woods  char,  and  unless  the  charring  is  on  all 
sides,  and  sufficient  to  eat  away  the  whole  of  the  wood,  a 
certain  solid  and  sound  portion  remains  after  the  fire — in 
fact,  this  is  proved  at  every  fire  where  wooden  beams  have 
been  used,  whereas  it  will  be  found  that  steel  or  iron  may 
not  perish,  but  their  form  is  so  altered  that  during  the  fire 
they  have  pushed  out  the  walls,  allowing  the  other  parts  of 
the  floor  to  collapse,  while  they  themselves  are  so  twisted 
out  of  shape  that  they  are  worse  than  useless. 
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Iron  construction  and  concrete  may  be  a  benefit  in  resist- 
ing fire  in  that  they  delay  the  progress  of  the  fire,  and  so 
allow  of  more  chances  for  it  to  be  subdued  and  overcome, 
but  once  the  fire  has  obtained  a  complete  hold  the 
presence  of  the  iron  or  steel  is  more  a  disadvantage  than 
otherwise. 

There  are  many  patent  floors  said  to  be  fireproof,  but 
they  are  only  fire-resisting,  and  certainly  on  that  account 
are  most  valuable  as  a  whole,  but  the  materials  employed 
rule,  dangerous  and  unreliable  under  fierce  fire. 

It  is  a  well-known  fact  that  "cast  iron"  is  unreliable 
under  the  variations  of  heat  and  cold  water ;  that  "  wrought 
iron  "  and  steel  expand  and  bend  as  soon  as  they  lose  the 
coverings  with  which  they  should  always  be  encased  ;  and 
that  the  brick,  stone,  or  breeze  used  in  the  lintols  or  the 
concrete  is  very  unreliable :  in  fact,  only  in  cases  where 
smithy  refuse  or  ashes  which  have  lost  all  their  combustion 
are  used,  can  it  be  said  that  any  material  is  fireproof. 

On  the  other  hand,  a  solid  wood  floor  built  up  of  joists 
side  by  side,  around  which  no  air  can  circulate,  may  be 
said  to  be  fireproof,  because  it  will  only  char  one  or  two 
inches  inwards  from  the  side  exposed  to  fire,  and  the  re- 
maining part  will  be  sound,  in  addition  to  which  no  danger 
to  walls  can  be  apprehended  from  expansion  or  contraction, 
as  none  takes  place.  The  only  objection  to  such  a  floor  is 
its  expense  and  the  limit  of  its  spanning  powers,  but 
there  can  be  no  doubt  of  its  superiority,  and  a  saving  of 
expense  can  be  effected  in  the  floor  covering,  as  ordinary 
flooring  can  be  used  with  the  wood.  For  concrete  it  is 
always  advisable  to  use  block  floors,  which  with  their 
necessaries  are  nearly  three  times  as  costly,  the  concrete 
having  the  advantage  where  cement,  tile,  or  asphalte  floors 
are  required. 
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Another  essential  in  an  ideal  floor  is  that  it  should  be 
proof  against  sound,  i.e.,  sound  should  not  be  transmitted 
from  the  room  above  to  the  room  underneath,  and  both 
wood  floors  and  concrete  with  iron  floors  are  equally- 
deficient  on  this  point. 

We  have  to  look  to  space  to  remedy  that  defect,  and  an 
independent  ceiling  with  an  air  space  between  it  and  the 
underside  of  the  floor  is  all  that  is  required.  Further- 
more, if  constructed  on  fireproof  lines  with  metal  thoroughly 
embedded  in  plaster,  such  an  air  space  acts  as  a  protection 
against  fire.  The  ceiling  can  be  hung  up  to  the  floor  and 
the  air  space  will  be  very  beneficial  on  both  accounts. 

In  substitution  of  the  deafening  of  various  kinds  in  use 


Pig.  109. 


(and  all  of  them  are  non  efficient,  though  they  may  be  said 
to  reduce  sound),  an  independent  ceiling  may  be  used  with 
advantage,  and  it  will  be  found  to  stop  all  sound,  and 
where  it  is  not  possible  to  erect  a  ceiling  of  fireproof  pro- 
perties, ordinary  wood  ceiling  joists  will  give  the  same 
results  as  regards  sound,  the  space  shown  on  the  Fig.  109 
being  the  means  by  which  the  sound  is  checked. 

Areas  and  staircases  may  be  considered  channels  by  which 
fires  are  spread  and  fanned,  and  on  that  account  should  be 
constructed  as  far  as  possible  with  fireproof  and  fire-resisting 
materials. 

A  frequent  cause  of  fire  where  ordinary  wood  joists 
are  used  is  the  substitution  of  a  concrete  hearth  in  lieu  of  the 
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brick  trimmer  arch,  which  only  costs  a  few  shillings  more 
and  should  always  be  insisted  on. 

Ventilation  to  the  ends  of  Timhers.~A\\  ends  of  timbers 
built  into  Avails  should  be  tarred,  and  left  open  for  the  free 
circulation  of  air,  if  they  are  flushed  up  with  soft  mortar 
they  are  apt  to  become  "  rotted,"  and  under  all  ground  floor 
joists  there  should  be  a  constant  and  free  current  of  air  to 
prevent  the  fermentation  which  causes  "dry  rot,"  and  it  is 
important  that  the  current  of  air  penetrates  to  the  corners, 
for  if  any  stagnation  takes  place  there  dry  rot  will  begin 
at  the  corners  and  spread  very  quickly  over  the  whole  floor. 

Lime  Concrete. — It  is  advisable  to  cover  the  surface  of 
the  ground  underneath  with  a  layer  of  lime  or  cement  con- 
crete so  that  the  growth  of  any  vegetable  matter  is  rendered 
mpossible. 

Partitions. — The  plans  of  the  upper  floors  often  do  not 
allow  of  the  walls  of  bedrooms  coming  over  the  walls 
beneath,  a  contingency  due  to  the  necessity  of  having  recep- 
tion rooms  larger  than  is  necessary  for  bedrooms ;  in  such  a 
case  the  divisions  cannot  be  made  of  solid  brick  or  stone 
unless  they  can  be  supported  by  beams  or  girders,  the  latter 
of  which,  unless  thoroughly  protected,  are  always  a  source 
of  danger  under  fire. 

It  is  usual  to  make  these  light  divisions  of  wood,  plastered 
both  sides  ;  but  they  are  neither  fireproof  nor  sound-proof. 


Fig.  110. 


and  in  addition  prove  a  harbour  for  rats  and  mice.  The 
second  defect  may  be  obviated  by  the  use  of  double  studs 
as  in  Fig.  110,  which  provide  the  air  space  necessary  as  a 
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non-conductor— still  there  remain  two  serious  blemishes  to 
an  ideal  house.  The  desired  alternative  is  supplied  by 
several  newly  patented  solid  partitions,  which  are  thin,  light 
in  weight,  sound-,  fire-,  and  vermin-proof,  and  with  fire- 
proof floors  they  are  rendered  free  from  objection. 

The  partitions  may  be  constructed  with  thin  interlocking 
bricks  or  hollow  blocks  of  plaster,  connected  together  by 
dowels  or  wires,  and  the  outer  surfaces  are  coated  with 
plaster  similarly  to  the  walls,  or  the  groundwork  may  be 
of  expanded  metal  lathing  strung  up  to  the  floors  and 
ceilings,  and  stiffened  when  necessary  by  rods  ;  the  metal  is 
then  supported  from  one  side  and  plastered  on  the  other 
with  a  quick-setting  plaster  or  with  the  ordinary  haired 
mortar  gauged  with  one  part  of  Portland  cement  to  three 
of  mortar;  that  side  is  allowed  to  dry,  and  then  the  other 
side  is  treated  in  the  same  manner,  the  result  being  a  solid 
stiff  partition  two  inches  thick,  plugs  being  inserted  during 
plastering  for  affixing  the  joinery  etc. 

All  these  patent  partitions  are  much  more  costly  than  the 
ordinary  stoothing  or  studded  partitions,  but,  on  the  other 
hand,  the  latter  has  no  advantages  and  is  always  a  source  of 
dissatisfaction,  while  the  former  really  cost  no  more  than 
solid  walls,  and  certainly  take  up  less  space. 

Windows.— The  windows  of  a  house  are  an  important 
detail,  and  plenty  of  light  is  very  essential  in  every  depart- 
ment of  a  dwelling. 

Window  openings  should  be  not  more  than  from  24  to 
26  ins.  off  the  floor,  and  only  a  few  inches  below  the  ceiling, 
because  the  foul  air  of  a  room  always  ascends  to  the  top 
and  requires  an  outlet  to  maintain  a  healthy  atmosphere  in 
the  room,  and  unless  there  are  special  means  of  ventilation  the 
top  of  the  window  supplies  the  only  egress  for  the  vitiated  air. 
Another  detail  to  be  observed  is  that  the  meeting  rails 
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of  the  sashes  should  be  above  the  line  of  sight,  le.,  they 
should  be,  when  closed,  above  the  level  at  which  the  eyes  of  an 
average  person,  when  standing,  would  be  in  looking  out^  of 
the  window.  If  the  line  of  sight,  when  one  is  standing 
up  conveniently,  is  interrupted  by  wood,  it  causes  both 
inconvenience  and  annoyance,  and  only  a  little  care  is 
required  to  avoid  this. 

Window  openings  may  be  filled  up  by  either  sliding 
sashes— moving  up  and  down— or  by  casements  opening 
inwards  or  outwards,  or  by  metal  casements  fixed  to  the 
stonework  without  the  aid  of  wood  frames,  to  which  the 
sashes  or  casements  are  affixed. 

Dealing  with  the  metal  casements  first,  the  objections  to 
their  use  may  be  said  to  be  their  cold  and  comfortless 
appearance— points  which  can  hardly  be  overlooked  in  a 
dwelling,  however  good  their  other  properties  may  be— and 
undoubtedly  very  fine  metal  casements  can  be  bought  at  a 
price,  and  the  advantage  of  them  is  that  they  (the  good 
ones)  neither  rattle  nor  let  in  wind  or  rain. 

Wooden  casements,  in  common  with  metal,  when  made  to 
open  inwards  often  interfere  with  blinds,  curtains,  and 
other  furnishings,  and  when  they  open  outwards  there  is  a 
difficulty  in  cleaning  all  except  those  close  to  the  ground. 
When  casements  are  made  in  wood,  they  are  much  cheaper 
and  look  homely  and  comfortable  from  within,  but  on  the 
other  hand  they  are  very  difficult  to  make  water-  and  wind- 
tight,  although  such  a  detail  is  not  impossible  with  a  great 
amount  of  care  in  designing  and  executing  the  details. 
Wind  and  rain  will  drive  in  during  gales,  and  they  require 
no  end  of  checking  by  rebates,  hollows,  and  weather  bars, 
in  addition  to  which  their  fastenings  must  be  put  on  very 
carefully  to  allow  of  "  tight  fits,"  so  as  to  prevent  rattling 
as  well  as  the  wind  and  rain  getting  in. 
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Cased  frames  with  sliding  sashes  are  undoubtedly  the 
best  window,  and  are  moreover  the  cheapest,  but  when  made 
with  indifferent  and  unseasoned  wood  are  most  irritating, 
because  they  not  only  let  in  wind  and  rain  (though  not  so 
much  as  wood  casements)  but  they  rattle  very  much,  which 
defects,  however,  can  be  cured  by  making  the  styles  of  the 
sashes  and  the  parts  in  which  they  slide  up  and  down  in 
well-seasoned  teak — a  wood  which  does  not  swell  or 
shrink  to  any  perceptible  extent.  The  meet- 
ing rails  should  be  properly  "checked  and 
locked,"  and  the  bottom  rail  of  the  lower  sash 
so  constructed  that  the  wet  cannot  be  driven 
in.  It  is  also  better  to  make  the  sills 
in  oak,  as  the  sills  are  the  first  to  rot,  and 
unless  in  oak  or  teak  the  frame  outlives  the 
sill. 

It  is  important  that  sashes  be  fitted  with 
first-class  axle  pulleys,  Italian  hemp  cords, 
and  suitable  weights,  and  that  a  sash  fastener 
be  used  that  does  not  lend  itself  to  being 
opened  from  the  outside. 

Sashes  can  be  easily  cleaned  ;  they  do  not 
interfere  with  blinds  and  curtains ;  and  in 
addition,  if  a  deep  inside  bead  is  employed 
over  the  sill,  the  bottom  sash  can  be  partly 
opened  to  allow  for  an  inlet  of  fresh  air  without  draught, 
as  in  Fig.  111. 

Where  a  room  or  office  is  required  to  be  kept  free  from 
sound  it  will  be  found  very  beneficial  to  have  another  set  of 
sashes  inside  the  outer  one,  with  an  air-space  between. 

Window  Finishings. — In  designing  the  finishings,  whether 
they  be  the  ordinary  linings  or  boxing  shutters,  it  is  impor- 
tant that  a  space  of  two  and  a-half  inches  be  left  for  the  blinds 
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to  work  easily  up  and  down  (splayed  linings  are  awkward 
for  fixing  the  blinds),  and  it  is  very  inconvenient  to  have  to 
draw  up  the  blinds  before  the  shutters  can  be  closed — a 
contingency  of  ten  met  with  —  while  the  linings  to  the  jambs 
should  allow  of  a  couple  of  inches  of  blind  going  each  side 
the  glazed  sash,  or  it  is  possible  to  look  into  the  room  from 
outside  after  the  blinds  are  drawn. 

Doors. — Doors  are  not  so  open  to  irregularities  as 
windows,  the  only  points  requiring  attention  being  (1) 
that  the}'  are  made  of  well  -  seasoned  dry  materials — ■ 

yellow  pine  being  preferred 
for  wide  panels  ;  and  (2) 
that  they  are  of  sufficient 
thickness  and  strongly 
framed  together,  so  that 
there  may  be  no  sagging 
from  their  hinges  nor 
twisting  at  top  and  bottom 
— defects  that  soon  make 
the  door  useless,  because  it 
will  not  fit  the  rebates  into 
which  it  is  intended  to  close.  The  panels  should  also  be 
allowed  freedom  in  the  grooves  to  come  and  go  according 
to  the  season,  or  they  will  split  up  the  centre,  for  even  the 
best  and  driest  materials  will  be  affected  by  the  atmosphere 
— swelling  or  contracting  as  it  rises  or  falls. 

Other  essentials  are — (3)  that  they  are  large  enough  in 
width  and  height  to  admit  the  furniture  into  the  rooms  ^ 
and  (4)  that  they  are  fitted  with  good  hardware  or  iron- 
mongery. A  client  cannot  throw  away  money  on  locks 
which  practice  has  proved  are  good,  efficient,  and  simple  in 
their  working,  it  being  better  to  spend  more  on  the  lock  and 
less  on  the  ornamental  furniture. 
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In  hanging  a  door,  the  thickness  of  the  carpet  should  be 
known  and  worked  to,  and  the  butts  should  be  sunk  into 
a  bead  on  the  casings  or  architrave,  as  in  Fig.  112,  so  that 
when  the  door  is  partly  open  a  space  is  not  aA'ailable  for 
peeping  into  the  rooms. 

Staiis. — An  easy  "go"  to  a  stair  is  very  desirable,  as  it 
should  not  be  necessary  to  grasp  the  handrail  when  ascend- 
ing to  keep  from  falling  back.  A  wide  tread  needs  a  small 
rise,  and  a  10-in.  tread 
should  have  only  a  6i-in. 
rise  :  in  fact,  for  ease,  it  is 
well  that  the  tread  and  rise 
multiplied  together  should 
not  exceed  66. 

A  landing  or  resting 
place  should  occur  every 
eight  or  ten  steps,  and  the 
underside  of  all  steps 
should  be  glued  and 
blocked  to  prevent  creak- 
ing. If  the  stair  is  wide, 
they  should  also  be  sup- 
ported intermediately  between  the  strings  by  carriages  and 
brackets. 

The  handrail  should  be  at  a  convenient  height,  generally 
as  in  Fig.  113,  and  it  should  have  no  sharp  edges  and  be  not 
too  large ;  it  should  be  one  that  can  be  easily  grasped  in  case 
of  need. 

In  addition  to  the  foregoing  details,  a  staircase  should 
be  well  lighted,  having  no  dark  corners,  and  winder  steps 
should  not  be  permitted.  It  is  always  well,  also,  to  have 
the  foot  of  the  stair  obscured  from  the  front  door,  although 
in  a  prominent  place. 
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Other  Internal  Finishings. — Chair  rails  and  picture  rails 
should  be  of  sections  convenient  for  use,  and  the  former 
without  any  arrises  or  edges  to  get  damaged  by  wear. 

All  dadoes  should  be  painted  behind  to  preserve  them, 
and  behind  them  and  all  skirtings,  strings,  etc.,  the  spaces 
should  be  flushed  up  with  plaster  to  prevent  a  harbour  for 
vermin  being  formed.  The  bottom  members  next  the  floor 
should  be  let  into  a  rebate  in  the  floor-boards,  to  obviate 
the  unsightly  and  unhealthy  cracks  often  observed  from 
shrinkage,  and  it  is  not  undesirable  to  have  a  small  hard- 
wood fillet  fixed  to  the  floor  at  the  foot  of  them  to  prevent 
the  legs  of  chairs  damaging  the  paint  work. 

All  architraves  and  joinery  should  be  fixed  to  grounds 
plugged  to  the  walls,  and  in  hardwood  all  work  should  be 
secretly  fixed  and  with  slotted  screws  where  possible. 

Skylights. — All  roof  lights  should  be  provided  with 
means  for  the  condensation  water  to  get  away,  because  in 
cold  weather  great  inconvenience  and  damage  result  from 
the  condensation.  It  can  either  be  collected  into 
a  gutter  at  the  bottom  of  the  glass  and  then  taken 
out  by  means  of  a  pipe,  or  the  bars  may  be  double 
checked,  as  in  Fig.  114,  the  groove  carrying  the 
water  away. 

Fig.  114.  In  addition  to  the  condensation  trouble,  one 
always  has  to  face,  with  skylights,  the  further 
possibility  of  decay  to  the  putty  which  holds  in  the  glass ; 
the  varying  effects  of  the  sun  and  rain  causing  it  to  become 
useless.  Provided  the  glass  is  well  bedded  down  in  putty 
on  the  rebates,  the  less  putty  one  uses  the  better :  in  fact, 
horticultural  builders,  whose  province  it  is  to  deal  with  glass 
lights  more  than  anybody  else,  often  use  no  putty  on  the 
top  of  the  glass ;  but  where  putty  must  be  used  on  the  top 
it  should  be  protected  with  a  capping  of  teak  or  yellow 
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pine,  which  should  be  screwed  down  with  brass  cups  and 
screws,  the  iron  ones  having  a  tendency  to  split  the  wood. 

Skylights  when  required  in  any  number  are  often  con- 
structed under  patent  systems,  the  object  of  which  is  to 
remedy  the  aforesaid  defects. 

InternalUj.—T\\Q  internal  walls  of  the  building  are,  as  a 
rule,  plastered  with  ordinary  hair  and  lime  mortar,  which 
forms  a  level  smooth  surface  on  which  papering,  distemper, 
and  paint  can  be  put,  but  the  finish  of  the  work  should  be 
different,  as  papering  does  not  require  that  smooth  surface 
which  is  required  for  paint  and  other  similar  coatings.  The 
latter  needs  a  finish  called  trowelled  stucco,  i.e.,  the  surface 
is  rubbed  over  with  a  steel  trowel,  whereas  for  paper  it  only 
requires  finishing  with  a  wood  float. 

All  ornamental  work  and  mouldings  should  be  finished 
white  in  putty,  and  any  member  likely  to  be  subjected  to 
hard  wear  or  rough  treatment  should  be  backed  up  in 
Portland  and  finished  in  Keene's  cement.  The  best  work 
for  painting  of  superior  quality  should  be  finished  in  Parian 
cement,  or  in  Albino,  a  new  cement  which  sets  harder  and 
quicker  and  wears  better.  It  is  desirable  that  all  plaster 
cornices  and  horizontal  mouldings  should  be  of  such  form 
that  dust  may  not  collect  or  be  retained  by  them. 

In  cases  where  it  is  necessary  that  the  drying  of  the 
plaster  should  be  hastened,  the  usual  remedy  has  been  to 
"  gauge  "  the  plaster  by  adding  with  ordinary  stuff  a  fifth 
to  a  third  of  its  bulk  of  plaster  of  Paris,  a  material  which 
sets  very  fast ;  but  of  late  years  several  patent  covering 
materials,  in  substitution  of  the  ordinary  stuff,  have  been 
brought  out — such  as  Adamant,  Ward's  Cement,  etc., — but 
though  effective  they  are  very  costly  when  used  at  any 
distance  from  the  manufactory,  owing  to  the  carriage  of  the 
material,  and  an  excellent  substitute  for  them  where  the 
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cost  is  prohibitive  is  the  Albino,  which  consists  of  a  thin 
coating  of  that  material  put  on  a  floating  of  ordinary  local 
sand  and  Portland  cement. 

All  the  aforementioned  can  be  put  on  to  laths,  but  "  lath 
and  half "  quality  should  always  be  used,  and  they  should 
be  properly  bonded,  i.e.,  the  longitudinal  joints  should  be 
broken. 

Bath-rooms,  lavatories,  w.c.'s,  larders,  and  pantries  should 
have  their  walls  faced  with  glazed  bricks,  tiles,  or  other 
non-absorbent  material,  the  bricks  being  of  necessity  built 
in  as  the  work  proceeds,  whereas  the  others  are  put  on 
afterwards  on  the  top  of  coatings  of  cement  and  sand,  which 
are  employed  to  strengthen  the  walls  and  form  a  truly 
level  surface,  and,  with  very  few  exceptions,  tiling,  on 
account  of  its  fine  joints,  is  preferable  internally  to  bricks, 
especially  if  "  safety  back  "  tiles  are  used. 

The  floors  of  these  apartments  should  be  of  cement,  tiles, 
mosaic,  or  terrazzo,  and  all  angles  to  floors  and  ceilings,  as 
well  as  walls,  should  be  hollowed,  so  that  there  may  be  no 
corners  or  crevices  in  which  dust  can  accumulate. 

Sea  sand  should  never  be  allowed,  on  any  pretence,  in 
the  plastering  of  a  house,  as  the  humidity  of  the  atmosphere 
affects  the  salt  it  contains,  but  there  can  be  no  objection 
to  "  drift "  sand— that  is  sea  sand  drifted  beyond  the  reach 
of  the  tide  and  thoroughly  washed  clear  of  salt  by  continual 
rains  extending  over  a  considerable  time. 

All  water  pipes  in  the  ground  should  be  three  feet  below 
the  surface,  to  prevent  them  being  frozen,  and  as  soon  as 
they  enter  the  building  they  should  be  controlled  by  a  stop 
cock  to  shut  off  the  water  from  entering.  Immediately 
above  the  stop  cock  a  bib  tap  should  be  placed,  so  that  the 
water  can  be  emptied  out  of  the  pipes  in  the  house  when 
required,  and  whenever  possible,  as  a  precaution  against 
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freezing,  all  pipes  should  be  covered  with  stout  hair  felt  tied 
round  them  by  copper  wire. 

The  rising  main  should  be  taken  on  an  internal  wall  up 
to  the  cistern  in  the  roof,  such  cistern  being  of  slate,  gal- 
vanized iron,  or  wood  lined  with  lead,  and  of  adequate 
capacity  to  suit  the  case  of  either  constant  or  intermittent 
water  supply. 

The  material  of  which  the  cistern  should  be  made  will 
depend  on  the  constituents  and  quality  of  the  water,  lead 
and  the  alloy  used  in  galvanizing  being  sometimes  affected 
by  the  water,  through  chemical  combination,  to  such  an  extent 
that  the  water  becomes  tainted  and  poisonous,  and  it  is  often 
necessary  to  have  separate  cisterns  for  different  purposes. 

The  drinking  water  cistern  should  always  be  covered 
over,  to  prevent  dust  and  dirt  falling  into  it. 

The  entry  of  the  water  into  the  cistern  should  be  con- 
trolled by  a  valve  and  copper  float, 
and  the  outlet  should  be  f  reed  through 
a  large  overflow  pipe  discharging 
outside  the  building,  in  a  conspicuous 
place  where  any  serious  waste  of 
water  would  be  soon  noticed. 

Every  cistern  should  also  be  pro- 
vided with  a  sludge  pipe  put  in  at  the 
bottom  to  allow  of  the  emptying  for 
cleansing  purposes,  this  sludge  pipe 
being  closed  by  a  stop  cock,  and  it 
should  discharge  into  an  eaves  gutter 
or  rain  water  head ;  or,  better  still,  a 
standing  waste  should  be  employed,  so  that  the  overflow 
can  be  utilised  for  sludging  purposes,  the  movable  standing 
waste  being  trumpet-mouthed  (see  Fig.  115),  and  attached 
by  a  screwed  union  in  the  bottom  of  the  cistern. 
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The  water  supply  of  a  house  should  be  taken  from  the 
cistern,  the  outlet  being  a  few  inches  above  the  bottom,  and 
it  should  be  controlled  by  one  stop  cock  under  the  cistern 
and  others  at  other  positions  as  required.  It  should  not 
be  forgotten  that  the  supply  pipes  should  be  larger  than 
the  rising  main,  for  the  latter  often  has  considerable  forced 
pressure,  and  the  former  only  that  due  to  the  head  of  the 
water  in  the  cistern  ;  and  it  is  always  desirable  to  have  the 
sanitary  appliances  of  a  dwelling  quickly  filled,  which  can 
be  done  easily  with  ^-in,  pipes  off  the  main  under  pressure, 
but  a  f-in.  pipe  should  be  used  for  w.c.'s,  lavatories,  etc., 
and  1-in.  pipes  for  baths  where  the  supply  pipes  are  taken 
from  the  house  storage  cistern. 

W %ier  Closets. — The  apparatus  should  be  of  an  up-to-date 
design  on  the  wash  down  principle,  the  pan  containing 
plenty  of  water  with  a  large  top  surface,  and  the  trap  should 
be  provided  with  a  large  seal  to  prevent  foul  air  getting  into 
the  house.  The  joint  between  the  apparatus  and  the  outgo 
should  if  possible  be  under  water,  i.e.,  in  such  a  position 
that,  if  faulty,  the  water  will  ooze  out  and  show  its  defec- 
tiveness, for  if  water  can  get  out  it  is  pretty  certain  foul  air 
can  do  so  also.  The  lead  outlet  should  be  connected  to  the 
iron  soil  pipe  by  a  brass  ferrule  soldered  to  the  lead,  and 
staved  to  the  iron  with  yarn  and  molten  lead. 

The  top  of  the  arm  of  the  trap  should  be  ventilated  by  a 
puflf  pipe  connected  to  the  soil  pipe  by  a  brass  fer- 
rule, and  the  soil  pipe  should  be  of  :^-in.  or  i%-in. 
metal,  coated  inside,  when  hot,  with  Dr.  Angus  Smith's 
solution,  and  every  joint  should  be  socketed  and  staved 
with  yarn  and  molten  lead,  the  soil  piping  being  carried 
up  as  high  as  the  ridge  as  a  vent  shaft.  The  top  should 
be  provided  with  a  domical  grating,  to  prevent  birds  and 
snow  from  blocking  up  the  pipe.    Lead  soil  pipes  are 
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superior,  but  more  costly  than  iron,  which,  however, 
perishes  in  time. 

The  flushing  cistern  should  contain  three  (certainly  not 
less  than  two)  gallons  of  water  to  be  used  at  each  flushing  of 
the  apparatus,  it  should  be  glass  lined  inside  to  prevent  rust, 
and  it  should  be  fitted  with  an  adequate  overflow. 

The  housemaid's  closet  or  sink  should  be  treated  exactly 
the  same  as  a  w.c. 

LavatoHes. — The  lavatory  basins  should  be  plain  and 
cleanly,  of  large  capacity  and  area,  and  fitted  with  overflow, 
trap,  and  cleansing  screw  connected  to  a  "  waste  "  discharging 
into  an  open  head  or  on  to  a  gulley  outside ;  and  further- 
more the  top  of  the  trap  should  be  ventilated  by  a  puff"  pipe 
brought  outside  with  a  grating  at  its  end. 

i5>at/i._The  bath  should  be  of  glazed  fire-clay  or  vitreous 
enamel  inside  and  outside,  the  vitreous  cast  iron  bath  being 
warmer  than  the  fire-clay ;  each  should  be  trapped  and 
fitted  with  overflow  pipe  and  fittings  which  cannot  become 
soiled  by  neglect  or  carelessness. 

All  urinals  should  be  trapped  and  fitted  with  a  plentiful 
supply  of  water  discharging  continuously  and  fluslung  out 
automatically,  and  where  a  urinal  is  used  on  an  upper  floor 
it  should  have  underneath  it  a  lead  or  marble  safe  with 
waste  to  carry  off  any  overflow :  in  fact,  it  would  not  be 
unwise  to  fit  a  safe  under  every  bath  and  w.c. 

Hot  Water. — Every  house  should  befitted  with  hot  water 
to  supply  baths  and  lavatories,  in  addition  to  which  the 
run  of  the  hot  pipes  is  very  beneficial  in  preventing  the 
cold  pipes  from  being  frozen  in  winter,  for  which  purpose 
it  is  advisable  to  run  the  hot  flow  and  return  pipes  beside 
the  rising  main  and  supply  pipes. 

The  supply  pipe  from  the  storage  cistern  to  the  boiler  or 
cylinder  should  be  one-inch  diameter,  controlled  under  the 
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cistern  by  a  stop  cock,  and  as  a  cylinder  holding  from  thirty- 
five  to  sixty  gallons,  with  a  small  saddle  boiler,  is  better 
than  a  large  boiler  containing  say  twenty-five  gallons,  it  is 
only  proposed  to  treat  of  that  system.  The  1-in.  supply  pipe 
is  brought  down  to  enter  just  above  the  bottom  of  the 
cylinder,  which  may  be  of  galvanized  iron  or  copper, 
according  to  the  nature  and  constituents  of  the  water, 


and  should  be  placed  beside  the  kitchen  chimney  breast, 
just  below  the  ceiling. 

At  a  slightly  lower  level  on  the  cylinder,  the  primary  flow 
and  return  pipes  to  the  boiler  are  attached  by  unions,  as  in 
Fig.  116,  the  flow  being  above  the  return,  and  it  is  important 
that  these  pipes  should  be  large,  not  less  than  U  ins.,  of 
galvanized  iron  or  preferably  of  copper,  and  constructed 
with  easy  bends  to  lessen  the  liability  to  furr  up.  Hot 
water  always  ascends,  and  after  entry  into  the  cylinder  it 
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goes  off  about  the  building  in  the  "  flow  pipe,"  always  rising, 
and  when  it  has  reached  its  highest  point  it  should  descend 
by  a  separate  pipe,  called  the  "  return,"  to  the  cylinder, 
joining  the  supply  pipe  just  before  it  enters  the  cylinder. 

The  baths  and  lavatories  should  be  fed  by  a  short  piece 
of  pipe  off  the  flow,  and  at  the  height  of  the  system  there 
should  be  an  exhaust  pipe  to  relieve  the  pressure  of  steam 
when  necessary,  and  this  exhaust  pipe  should  discharge 
over  a  cistern  or  on  the  roof  over  a  gutter. 

Every  cylinder  should  have  a  manhole  for  cleansing 
purposes,  and  should  be  fitted  at  its  extreme  bottom  with  a 
sludge  pipe,  actuated  by  a  stop  tap  for  emptying  as  required. 

In  arranging  the  "  run  "  of  hot  water  pipes,  it  will  be  of 
benefit  to  run  them  around  linen  and  cistern  rooms,  where 
they  serve  a  most  useful  purpose,  and  the  more  they 
are  coiled  in  the  cistern  in  the  cistern-room,  the  more 
beneficial  they  will  be  in  winter,  though  in  summer 
they  may  be  a  nuisance ;  but  the  coil  of  piping  can  be  con- 
trolled by  a  valve  if  due  care  is  exercised. 

The  internal  plumbing  and  hot  water  work  of  the  house 
has  been  fully  discussed,  because  the  nearer  it  is  to  perfection 
the  more  comfortable  and  pleasing  Avill  be  the  occupation 
of  the  house  in  winter  and  summer ;  and  although  it  may 
be  said  that  expense  has  not  been  spared,  it  will  be  found 
that  true  economy,  utility,  and  comfort  have  been  placed 
first ;  and  when  one  remembers  the  annoyance,  damage, 
and  loss  often  occasioned  by  lack  of  attention  to  some  of 
the  aforesaid  details,  the  writer  is  sure  the  money  will  be 
considered  to  have  been  well  spent. 

If  the  water  is  injuriously  aflTected  by  running  through 
lead  pipes,  it  is  advisable  to  have  them  lined  with  tin ;  so 
that  the  area  of  lead  in  contact  with  the  water  is  reduced 
to  a  minimum. 
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111  cases  where  the  ordinary  water  is  hard,  it  is  recom- 
mended that  the  rain-water  be  collected  off"  the  roofs  into 
a  large  cistern,  or  where  this  is  not  practicable  into  a 
tank  below  the  ground  :  it  is  then  pumped  up  into  a 
cistern  in  the  roof  and  supplied  therefrom  through  separate 
pipes  to  the  baths  and  lavatories  about  the  building. 

Gas.— The  gas  system  of  a  house  should  be  always 
executed  in  wrought-iron  piping,  for  it  costs  very  little 
more  and  obviates  the  risks  of  leakages  and  explosion, 
which  are  always  attendant  when  lead  and  composition 
pipes  are  employed,  because  it  is  impossible  to  see  the  pipes 
when  they  are  embedded  in  the  plaster,  and  how  easy  it  is 
to  drive  a  nail  into  a  lead  pipe  when  hanging  or  fixing 
something  to  the  walls  ! 

It  is  important  that  the  supply  pipe  from  the  main  to  the 
meter  should  be  of  ample  capacity,  and  from  the  meter  the 
main  pipes  should  be  adequate  to  supply  sufficient  gas  to 
all  the  lights  fed  by  the  branches  therefrom— it  is  better  to 
err  on  the  right  side  in  this  matter,  and  often  advisable  to 
allow  for  a  few  gas  fires,  so  that  a  poor  light  will  not  be  the 
rule  when  most  light  is  required. 

Liyhtniny  Conductor. ~E\Qvy  isolated  house  of  any  size 
and  height  should  be  supplied  with  an  efficient  lightning 
conductor  able  to  convey  the  destructive  element  into  the 
ground  without  damage  to  the  building.  Conductors  are 
usually  made  of  copper  insulated  from  the  building  by 
their  means  of  attachment,  and  they  should  be  thoroughly 
tested  before  taken  over. 

Electric  Bells.— Every  room  and  external  door  of  the 
house  should  be  supplied  with  an  electric  bell,  ringing  in  a 
frequented  place,  and  indicating  the  room  from  which  the 
bell  is  being  worked.  Each  bedroom  should  have  its  bell  near 
the  bed ;  in  the  bath-room  it  should  be  near  the  bath ;  and 
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it  is  convenient  in  reception  rooms  to  have  the  bells  in  some 
other  convenient  place  besides  that  next  the  fire. 

Electric  bells  are  infinitely  better  than  the  old-fashioned 
bells,  with  a  different  tone  for  every  room,  and  further- 
more they  are  immeasurably  more  convenient,  especially 
when  we  consider  that  by  means  of  flexible  wires  they  can 
be  placed  anywhere  :  in  fact,  it  would  be  possible  to  carry 
them  about  the  room  in  your  pocket. 

Electric  Light. — This  means  of  lighting  is  on  many  points 
superior  to  gas,  and  when  well  installed  is  less  risky  than  the 
latter,  but  when  arranging  for  an  installation  it  is  advisable 
to  insist  that  the  whole  of  the  materials  and  workmanship 
shall  be  of  a  class  able  to  successfully  pass  the  rules  and 
inspection  of  a  stringent  fire  insurance  oflSce. 

Having  secured  work  carrying  such  a  certificate,  pertain- 
ing to  the  wiring  and  to  the  plant  for  making  and  storing 
power  for  the  same,  one  has  only  to  arrange  for  the 
switches,  brackets,  and  pendants  supplying  the  light  to  be  in 
the  most  convenient  positions,  it  being  only  necessary  to  point 
out  that  electric  light  is  more  amenable  and  flexible  than 
gas,  so  that  it  need  not  be  near  the  walls  and  ceilings,  a 
consideration  which  always  allows  of  it  being  placed  over 
dressing  tables,  near  beds,  etc.,  in  which  positions  it  is 
exceedingly  convenient. 

Painting. — All  woodwork  in  or  outside  a  house  must  be 
coated  with  paint  or  varnish  in  order  to  preserve  it^  unless  it 
is  of  a  hard  wood  which  is  usually  polished.  Woodwork  to 
be  varnished  is  usually  of  a  selected  kind  and  better  class, 
having  the  grain  and  figure  in  some  prominence  to  take 
away  the  monotonous  and  lifeless  appearance. 

Varnish  is  a  hard  transparent  glossy  coating,  which 
should  be  applied  after  the  wood  has  been  sized — the 
suction  in  the  wood  should  have  been  satisfied  by  the  appli- 
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cation  of  one  or  more  coats  of  "  size  "—and  oftentimes  the 
wood  is  also  stained  to  a  tint  (more  or  less  unnatural)  suited 
to  taste,  and  then  in  good  work  it  should  have  two  or 
three  coats  of  good  copal  hard  varnish.  The  advan- 
tage of  staining  and  varnishing  is  that  it  has  a  longer  life 
than  ordinary  painting  and  does  not  get  soiled  and  worn,  but 
on  the  other  hand  the  re-painting  of  a  house  renovates  it 
and  gives  it  an  entirely  fresh  and  changed  appearance— a 
point  unattainable  with  varnishing. 

In  stained  work  it  is  important  that  the  work  should  be 
finely  sand-papered  and  cleaned ;  all  members  fitting  into 
others  should  be  stained  all  over  before  they  are  put 
together,  to  prevent  shrinkages,  which  it  is  impossible  to 
avoid  even  with  the  best  of  woods.  For  instance,  the  panels 
of  all  framing  should  be  stained  before  the  framings  are 
Avedged  together,  or  at  every  shrinkage  a  light  coloured 
margin  would  be  shown  up  the  panels,  and  such  a  defect 
could  not  be  satisfactorily  remedied  afterwards.  Regarding 
ordinary  painting  it  is  most  necessary  that  the  preliminary 
work  should  be  done  well  and  effectively  with  the  best  of 
materials,  as  once  done  well  it  is  always  possible,  at  little 
expense,  to  remedy  subsequent  defects,  whereas  on  the 
other,  if  the  first  part  is  done  badly,  nothing  but  starting 
afresh  Avill  overcome  them. 

First  of  all,  all  knots  should  be  stopped  with  good 
patent  knotting,  which  it  is  known  by  experience  can  kill 
and  dry  up  the  resin  in  them,  after  which  a  good  coat  of 
priming  containing  pure  genuine  old  white  lead  should  be 
applied  in  no  scanty  measure,  and  it  is  possible  for  anybody 
to  check  such  material  when  being  applied,  for  the  painter's 
can  is  heavy  with  the  genuine  article,  whereas  the  poor  kind 
of  material,  little  better  than  a  water  stain,  which  is  some- 
times applied,  weighs  light. 
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Having  secured  a  good  coat  of  priming,  the  work  should 
be  well  rubbed  down  with  pumice  stone,  and  all  slacknesses 
stopped  up,  and  then  another  good  coat  of  white  lead  paint 
applied,  after  which  it  should  be  again  well  rubbed  down, 
and  it  will  be  found  that  if  this  is  all  done  properly  the 
other  following  work  will  be  successful. 

In  newly-built  houses  it  is  not  advisable  to  finish  off  at 
first  the  work  just  as  it  is  ultimately  intended  to  be,  but  to 
give  the  work  three  good  coats  and  then  let  a  year  or  two 
elapse  before  finishing  ofi',  as  it  will  be  found  that  during 
that  time,  the  wood  will  have  assumed  its  normal  condition 
by  the  necessary  contraction  and  expansion  which  always 
takes  place,  and  when  this  has  occurred,  it  will  be  time  to 
complete  the  work,  which  can  be  further  improved  and  made 
more  lasting  in  its  perfection  by  the  addition  of  one  or  two 
coats  of  varnish. 

It  is  not  an  unwise  principle  to  have  each  coat  of  paint 
selected  in  a  different  tint,  and  to  allow  of  good  materials — 
light  or  pink  colours  are  desirable — for  no  man  can  use 
light  coloured  materials  to  make  dark  colours,  which  may 
be  readily  understood  when  it  is  pointed  out  that  the 
"  body  "  of  paint  lies  in  its  white  and  red  lead. 

The  same  remarks  regarding  the  finishing  off  of  new 
houses  applies  to  the  papering,  for  it  is  most  foolish 
and  extravagantly  reckless  to  put  good  papers  on  to  walls 
that  are  perhaps  not  truly  dry,  and  what  is  worse,  on  to 
those  which  have  "  live  "  lime  in  their  plastering  ;  for  bright 
colours  are  much  affected  by  lime,  in  fact — a  blue  or  green 
wall  paper  will  become  completely  spoilt  in  so  short  a  time 
as  two  or  three  days,  and  yellow  is  sometimes  affected. 

In  a  new  house  it  is  wise  to  distemper  or  duresco  the 
plaster  work,  or  to  put  on  suitably  coloured  lining  papers  to 
last  the  first  two  or  three  j^ears,  after  which  the  house 
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can  be  decorated  well  without  fear  of  the  work  being  soon 
destroyed.  Ceiling  papers  are  generally  light  in  colour  and 
free  from  tints  likely  to  be  injured — hence  they  can  be 
done  at  any  time.  It  M'ill  be  found  that  it  is  much  to  be 
preferred  that  ceilings  be  covered  with  paper,  Anaglypta, 
Cordolova,  or  Lincrusta,  instead  of  Avhitened  or  painted, 
both  of  which  require  frequent  renewing — a  process  which 
generally  damages  the  other  work  in  the  room,  while  with 
paint  the  cracking  of  a  ceiling,  oftentimes  almost  unavoid- 
able, is  soon  in  evidence  to.  spoil  the  whole. 

Glass. — The  material  through  which  everybody  has  to 
look  should  be  of  the  best  kind,  free  from  bubbles,  waves, 
and  specks,  and  as  such  perfection  is  not  often  attainable 
with  sheet  glass,  it  is  important  that  the  sashes  most  fre- 
quently used  for  observation  should  be  glazed  with  polished 
plate  glass,  of  which  there  are  several  kinds  suitable  for 
household  purposes,  the  most  common  being  about  ^-in, 
thick,  and  the  better  qualities  A,  h  and  i\-m.  thick. 

The  irregularities  of  sheet  glass  are  noticeable  from  the 
exterior  as  well  as  the  interior — especially  when  in  the  sun 
— for  what  adds  to  the  appearance  of  a  window  more  than 
good  polished  plate  glass !  Plate  glass  is  made  out  of 
better  materials,  and  is  subjected  to  a  more  rigid  selection 
— hence  its  superiority,  in  addition  to  which  it  cannot 
easily  be  cut  by  a  "  diamond,"  an  objection  in  the  eyes  of  the 
burglar.  On  the  other  hand  it  is  heavy  and  makes  the  sashes 
cumbersome,  but  the  thin  and  more  expensive  qualities 
obviate  that. 

Tlie  windows  of  secondary  rooms  and  the  top  lights  of 
others  can  be  glazed  with  sheet  glass,  and  all  skylights  should 
be  glazed  with  strong  polished  plate,  or  rough  cast  or  rolled 
plate,  the  latter  being  preferable,  as  they  diffuse  the  light 
more  readily. 
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All  glass  as  a  rule  coming  cut  to  size  from  the  manufac- 
turer or  wholesale  merchant,  the  glazier  has  only  to  take 
care  in  glazing  that  every  sheet  is  well  bedded  in  putty  and 
pressed  home  into  that  material,  after  which  it  is  sprigged 
and  pointed  with  putty — wet  often  penetrates  into  a  house 
through  defective  bedding  of  the  glass — and  the  sashes 
should  always  have  had  a  coat  of  paint  before  being  glazed. 

Leaded  lights  can  be  made  with  any  glass  and  to  any 
design,  but  it  is  important  that  the  lead  cames  be  sufficiently 
strong  and  wide  enough  to  keep  in  the  glass,  and  all  edges 
of  glass  should  be  secured  into  the  grooves  by  a  cement  run 
in  on  both  sides.  When  fixing,  the  lights  should  be  made 
rigid  by  substantial  saddle  bars,  to  which  the  lights  are 
secured  by  wire  and  solder. 
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Bridging  joists,  46 
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Bronze,  composition  of,  90 

Building,  general  method  of  pro- 
ceeding with  large  works,  152 ; 
ironmonger}'  used  in,  128 

Building  materials,  72 ;  action  to 
which  they  are  exposed,  compres- 
sion, tension,  and  cross-strain,  91 ; 
resistance  to  compression,  table 
showing  the,  of  different  materials, 
91 ;  resistance  to  compression  of 
timber,  92 ;  resistance  to  compres- 
sion of  iron,  92;  resistance  to 
tension,  92 

Building,  metals  used  in,  85 

Building  survej'or,  duties  of  a,  151 

Building,  use  of  iron  in,  86;  use  of 
lead  in,  89 

Burnettizing  process  for  preventing 
the  decay  of  timber,  77 


pAISSONS  described,  10 

^    Carcase  saw,  121 

Cargill's  centering  for  arches,  33 

Carpenter,  business  of  a,  116  ;  quali- 
fications of  a,  119 ;  tools  of  a,  106 ; 
M'ages  of  a,  120 

Carpenter's  work,  method  of  measur- 
ing, 119 

Carver,  business  of  a,  108 

Cast-iron,  action  of  sea-water  on,  7  ; 
weight  of  per  cubic  foot,  139 

Cast-iron  pillars,  strength  of,  99 

Cast-iron  piling,  Clark's  system,  8  ; 
described,  8 

Cast-iron,  production  of, 86;  qualities 
of,  87 ;  resistance  to  compression, 
93 

Cast  lead,  90 
Ceiling  joists,  46 

Cement,  first  use  of  natural,  82 ;  ob- 
jections to  the  use  of  quick  setting, 
in  brick  arches,  30 

Cements,  artificial,  manufacture  of, 

83 

Cement,  Portland,  proportions  of 
good, 82 

Cement,  Portland,  specification  of, 
84 

Cements,  water,  81 
Centering  of  an  arch,  32 


Chaldon  church,  roof  of,  described, 
57 

Chalk  described,  80 

China,  method  of  forming  founda- 
tions in,  9 

Chisel  draught  defined,  112 

Chisels  described,  122 

Circular  saws,  129 

Cisterns,  arrangements  of,  67 

Civil  engineer,  practice  of  a,  sketched, 
150 

Clark's  system  of  piling,  8 
Clear  coling  described,  147 
Cofferdams,  solid  foundation  in,  12 
Collar,  trussed  roof,  49 
Compass  saw,  121 
Compound  girders,  98 
Compression,  table  showing  the  re- 
sistance to,  of  different  building 
materials,  91 
Concrete,  2,  83 ;  contents  of  a  cubic 
yard  of,  106  ;  manufacture  of,  83 
Constant  of  safe  loads,  98 
Contract,  conditions  of,  164 
Copper,  cost  of,  how  reckoned,  139 
Copper-smith,  work  supplied  by  the, 
139 

Copper,  use  of,  for  covering  roofs, 
66 

Copper  cramps,  114 

Coursed  masonry  foundations,  10 

Coursed  rubble,  39 

Coursed  work  defined,  38 

Coverings,  roof,  65;  table  of  the 
weight  of  various,  67 

Cranes,  derrick.  111 ;  travelling,  110 

"  Creosoting,"  for  the  prevention  of 
rot  in  timber,'77 

Crown  glass,  145 

Curve  of  equilibrium,  25 

Cylinders,  use  of  cast-iron,  for  foun- 
dations, 8 

Cylindrical  vaulting  defined,  36 


DECAY  of  timber  described,  75; 
prevention  of,  76 
Derrick  cranes,  111 
Detailed  drawing  described,  163 
Dimension  book,  examyile  of,  166 
Distempering  described,  148 
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Domes  described,  37 

Doors,  ledged,  ledged  and  braced, 

framed,  ledged  and  braced,  and 

panelled,  125 
Dorking  lime,  80 

Double  framed  flooring,  advantao-e 
of,  46  So 
Double  load  defined,  105 
Dovetail  saw,  121 
Dovetailing  described,  123 
Dowels,  ll4 

Drawings,  working,  160 ;  block  plans, 
162;  detailed  drawings,  163; 
general  drawings,  162 

Dry  rot  described,  76 

Duresco,  its  use,  148 


EARTH,  weight  of  different  kinds 
of,  105 

Eltham  Palace,  roof  of   the  hall 

described,  63 
Emy's  laminated  arch  rib,  55 ;  first 

application  of,  66 
Engineer,  practice  of  a  civil,  sketched, 

150 

Engineering  surveyor,  business  of  an, 
151 

English  bonding,  40 
Equilibrium,  curve  of,  25 
Estimate,  skeleton,  168 
Excavator,  duties  of  an,  102 
Extra  works,  175 
Extrados  of  an  arch,  25 


FAIR  tooled  defined,  113 
Fir,  description  and  use,  78 
Flemish  bonding,  40 
Flooring,  contents  of,  127 
Flooring,  naked,  45 ;  double  framed, 
46 ;  advantages  of  double  framed, 
46 ;  single  framed,  45 
Folding  floors  described,  126 
Foresight  defined,  158 
Foundations,  artificial,  2;  digging, 
102 

Foundations,  natural,  1 

Foundations,  use  of  piles  in 
strengthening,  4;  use  of  rubble 
for,  83 ;  use  of  timber  as,  3 


Foundations  in  water,  5 ;  b6ton,  10 ; 
caissons,  10 ;  Clark's,  8 ;  coursed 
masonry,  10;  formed  wholly  of 
piles,  6;  Indian  and  Chinese,  9; 
Mitchell's  screw  piles,  7  ;  pierre 
perdue,  9;  solid,  in  copperdams, 
12 ;  solid,  on  the  surface  of  the 
ground,  9 ;  use  of  cast  iron  cylin- 
ders, 8 

Framed  work,  125 

"  Fretwork  "  described,  143 

GENERAL  drawings,  162 
Gilding,  148 
Girders,  compound,  box  and  plate, 

98 

Girders,  steel,  action  of,  in  case  of 
fire,  43 

Glass,  manufacture  of,  144 ;  crown, 
145 ;  plate,  145 ;  sheet,  145 

Glazier,  business  of  a,  143;  "fret- 
work" described,  143 ;  glazing  in 
sashes,  143 ;  glazing  in  lead  work 
143;  tools  of  a,  144 

Glazier's  work,  how  valued,  144 

Glue,  126 

Gothic  roofs,  56 

Gothic  vaulting  defined,  37 

Gothic  vaults,  method  of  constructing 
the  ancient,  27 

Graining  described,  147 

Grey  cast  iron,  87 

Gypsum  described,  80 

TTALLING  lime,  80 

Hampton  Court,  roof  of  the 
great  hall  described,  62 

"  Haskenizing,'  process  for  prevent- 
ing the  decay  of  timber,  77 

Headers  described,  40 

Hinges,  128 

Hod,  bricklayer's,  103 

Honduras  mahogany  described,  73 

Hot  blast,  advantage  of  the,  in  the 
manufacture  of  iron,  87 

TDEAL  dwelling,  176 ;  accessibility, 
181 ;  acetylene  gas,  its  disadvan- 
tage, 181;  an  ideal  floor,  191; 
architraves,  etc.,  to  be  fixed  t 
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grounds,  200  ;  areas  should  be  con- 
structed with  fire-proof  materials, 
193 ;  ashes  as  a  fire-proof  material, 
192 ;  aspect,  176 ;  bath,  205 ;  bath 
rooms,  position  of,  in  a  house,  182 ; 
bedding  in  of  door  and  window 
frames,  187;  bells,  electric,  208; 
bricks,  how  to  tell  good  and  bad, 
185  ;  evils  of  lime  in,  185 ;  brick- 
work, bond  to  be  used  in,  186 ; 
cased  frames,  197 ;  casements, 
metal,  advantages  and  disadvan- 
tages of,  196 ;  wooden,  advantages 
and  disadvantages  of,  196 ;  ceiling 
papers,  212 ;  cellars,  182  ;  precau- 
tions   necessary  when  building 
where  ground  retains  moisture, 
183 ;  cesspool,  178 ;  chair  rails, 
199  ;  cisterns  in  roof,  179 ;  clay  as 
a  foundation,  182 ;  atmospheric 
influence  upon,  183;  conserva- 
tories, situation  for,  177 ;  damp 
proof  course,  different  kinds  of, 
184;  dadoes,  200;  doors,  points 
requiring  attention  in  the  making 
and  fixing  of,  198,  199;  door 
frames,  bedding  in  of ,  187  ;  should 
be  set  in  reveal,  188 ;  drainage, 
flushing  of,  178  ;  necessary  fall  of 
pipes  for,  178 ;  pipes  to  be  encased 
in  concrete,  179;  ventilation  of, 
178 ;  eaves,  overhanging,  advan- 
tages and  disadvantages  of,  191 ; 
efflorescence,  186  ;  electric  bells, 
208;  electric  light,  its  advan- 
tages, 180,  209;  facing  bricks, 
care  to  be  exercised  in  the  selection 
of,  187  ;  felt,  use  of,  when  slating, 
190;  flat  roofs,  coverings  for,  189  ; 
floors,  ideal,  191 ;  fire-proof,  192 ; 
sound  proof,  193 ;  fire,  a  frequent 
cause  of,  193 ;  foundations,  rock, 
gravel,  and  clay  as,  182 ;  good 
rule  for,  183 ;  garden,  situation  for, 
177  ;  gas,  208 ;  piping  for,  should 
be  wrought  iron,  208 ;  glass,  212  ; 
advantages  of  plate,  212 ;  glazing, 
care  to  be  taken  when,  213  ;  gravel 
as  a  foundation,  182;  handrail, 
convenient  height  for,  199;  hot 
water   system,   205;    hot  water 
cylinder,  206;  hot  water  pipes. 


how  to  arrange  the  "run"  of,  207 ; 
hoop  iron,  its  use  in  brickwork, 
186 ;  house  maid's  closet,  205 ; 
house,  situation  for  frontage  of, 
176 ;  position  of  the  rooms  in  the, 
182 ;  arrangement  of  the  doors, 
windows,  and  furniture  in  the 
rooms,  182 ;  necessary  thickness  of 
the  external  walls  of,'l84 ;  inspec- 
tion eyes,  necessity  for,  178  ;  inter- 
nal finishings,  200  ;  iron,  evils  of, 
in  fireproof  floors,  191 ;  "  knotting," 
210 ;  lavatories,  205 ;  leaded  lights, 
213 ;  leadwork,  necessary  lap  for, 
190;  lighting,  various  kinds  of, 
180;  lightning  conductor,  208; 
lime  concrete,  194 ;  lime,  kind  to 
use  in  making  mortar,  187 ;  man- 
holes, care  to  be  taken  in  the  con- 
struction of,  178  ;  metal  casements, 
advantages  and  disadvantages  of, 
196  ;  mortar,  attention  to  be  paid 
to  the  quality  of,  186 ;  should  be 
quick  setting,  187;  other  inter- 
nal finishings,  199  ;  overhanging 
eaves,  advantages  and  disadvan- 
tages of,  191 ;  overlap  necessary 
for  tiles  and  slates,  190  ;  painting, 
209  ;  stained  work,  210 ;  varnished 
work,    209;     "knotting"  and 
"  priming,"  210 ;  use  of  pumice 
stone  when,  211 ;  selection  of  tints, 
211 ;  "  papering,"  211 ;  plaster 
work  should  be  distempered  in  a 
new  house,  211 ;  papering,  211 ;  par- 
titions, 194 ;  construction  of,  195  ; 
picture  rail,  199;  plastering,  201 ; 
plate  glass,  advantages  of,  212; 
plumbing,  202  ;  water  pipes,  202  ; 
"  W.  C.'s,"  204 ;  lavatories,  205 ; 
bath,  205  ;  hot  water,  205 ;  gas 
system,  208  ;  electric  bells,  208 ; 
electric  light,  209 ;  priming,  210 ; 
projections   should  be  throated, 

188  ;  'pumice  stone,  use  of,  when 
painting,  211  ;  rain  water,  208  ; 
rock  as  a  foundation,  182  ;  roof, 

189  ;  roofs,  coverings  for  flat,  189 ; 
degrees  of  pitched,  190;  impor- 
tance of  making  hips,  ridges, 
valleys,  etc.,  watertight,  190 ; 
rooms,  situation  of,  in  a  house,  176  ; 
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rule  for  foundations,  183  ;  saddled 
joints,  188  ;  sea  sand,  evils  of  the 
use  of,  in  plastering,  202  ;  sewage, 
disposal  of,  by  means  of  irrigation, 
179;  skylights,  200;  glazing  of, 
212  ;  slates,  necessary  overlap  for, 
190;  Welsh  and  Westmorland, 
190  ;  slating,  use  of  felt  when,  190  ; 
smoky  chimneys,  one  of  the  causes 
of,  177  ;  how  to  avoid,  188  ;  sound- 
proof floor,  193  ;  sUirs,  199  ;  stair- 
cases should  be  constructed  with 
fireproof  materials,  193  ;  steel,  evils 
of,  in  fireproof  floors,  191 ;  stones 
should  be  laid  on  their  natural 
beds,  187  ;  subsoil,  the  best,  177  ; 
surroundings,  177  ;  tiles,  roofing, 
necessary  overlap  for,  190  ;  metliod 
of  holding  down,  190;  timbers, 
ventilation  to  the  ends  of,  194; 
varnish,  209  ;  ventilation  to  the 
ends  of  timbers,  194  ;  walls  should 
be  well  flushed  up,  183;  water, 
supply  of,  by  authorities,  179 ; 
supply  of,  l)y  owner,  179  ;  level  of 
well  tor,  180;  depth  of  well  for, 
180;  pumping  up  into  roof,  180  ; 
water  pipes,  202  ;  VV.C.'s,  position 
of,  in  house,  182 ;  specification  for, 
204;  Welsh  and  Westmorland 
slates,  190 ;  window  openings, 
distance  of,  from  floor  and  ceiling, 
195 ;  windows,  195  ;  metal  and 
wooden  casements,  196 ;  cased 
frames,  197  ;  position  of  meeting 
rails,  195 ;  window  finishings,  197  ; 
window  frames,  bedding  in  of, 
187  ;  should  be  set  in  reveal,  188  ; 
wooden  casements,  advantages  and 
disadvantages  of,  196 ;  wood,  solid, 
as  a  fireproof  material  in  floors, 
191, 192. 

India,  method  of  forming  founda- 
tions in,  9 
Intrados  of  an  arch,  25 
Iron,  admixture  of,  88 
Iron  bonding,  advantage  of,  41 
Iron  castings,  88 

Iron,  cast,   cylinders,  use  of,  for 

foundations,  8 
Iron,  cast,  piling,  7 
Iron,  cast,  use  of,  for  piles,  7  ;  action 


of  sea-water  on,  7 ;  production  of, 

86 ;  qualities  of,  87 
Iron,  cast,  sheet  piling,  4 
Iron,  foundry  pig,  86 
Iron,  forge  pig,  86 
Iron,  conversion  of  pig  into  bar,  89 
Iron  cramps,  evils  of,  in  stone  work, 

114  ' 
Iron,  early  manufacture  of,  85 
Iron  stancheons,  manufacture  of,  88; 

moulds  for,  88 
Iron,  advantages  of  the  hot  blast  in 

the  manufacture  of,  87 
Iron,  its  resistance  to  compression,  92 
Iron  roofs,  52 

Iron,  salts  of,  effects  of,  on  the  growth 
of  wood,  74 ;  use  of,  in  building, 
85 ;  weight  of,  139 

Iron  work,  method  of  reckoning  the 
cost  of,  138 

Iron,  wrought,  production  of,  86 

Ironmongery  used  in  building,  128  ; 
hinges,  128;  latches,  128;  locks, 
128 ;  furniture  of  locks,  128 

"  TOGGLING"  described,  114 

^    Joiner's  bench,  123 
Joiner's  tools,  120;  boring  tools,  122; 

chisels,  122;  saws,  120;  planes 

121 ;  mitre  box,  123 
Joiner's  work,  120 ;  dovetailing,  123 ; 

folding  floors,  126;  framed  work, 

125 ;  ledged  work,  125  ;  method  of 

measuring,  126;  mortising,  123; 

scribing,  124  ;  straight  joint  floor, 

125;  sweepwork,  124 
Joiner's  wages,  127 

"IZEYHOLE  saw,  121 

King's  truss,  50 
Knots,  killing,  146 
"  Kyanizing  "  process  for  preventing 
the  decay  of  timber,  77 

T  ABOURER,  bricklayer's,  103 
-L'    Labourer,  plumber's,  wages  of, 
142  >      B  > 

Laggings  defined,  32 

Laminated  arched  beams,  31 

Lap  of  a  slate,  definition  of  the,  130 
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Latches  described,  128 
Lathing,  134 

Lead,  weight  of,  for  different  work, 

140 
Lead,  cast,  90 
Lead,  laying  sheet,  141 
Lead  pipes,  charge  of,  142;  weight 

of,  142 

Lead,  use  of,  in  building,  89 
Ledged  work,  125 
Level  book,  example  of,  1 58 
Level,  spirit,  described,  157 
Levelling  for  building  purposes,  155 
Levelling,  operation  of,  157  ;  bench 

marks,  158;  example  of  level  book, 

158 

Levelling  staff,  157 

Levelling,  taking  backsights,  153  ; 

taking  foresights,  158 
"  Lewis,"  description  and  use  of.  Ill 
Lias  lime,  blue,  described,  81 
Lias  lime  for  foundation  concrete, 

84 

Lime,  loss  of  bulk  in  making  mortar, 

106  ;  measure  of,  105 
Limes,   blue  lias,  81  ;  pure,   80 ; 

water,  composition  of,  80 
Limestone,  classes  of,  79 
Lintels,  use  of,  43 

Load  defined,  105;  double,  described, 
105 

Locks  described,  128;  furniture  of, 
128 

Lorme's  (P.  de)  principle  of  roofing, 
54 


IJlJ^ACHINE,  use  of,  in  joiner's  work, 

Mahogany,  73,  78 
Mason,  business  of  a,  107 
Mason's  scaffold ,  109 
Mason's  tools,  108 
Mason's  wages,  115 
Mason's  work,  method  of  measuring, 
116 

Masonry  defined,  38  ;  ashlar  work, 
defects  of ,  39 ;  bond  defined,  39; 
bond  timbers,  evils  of,  41 ;  bond- 
ing, advantages  of  iron,  41 ;  dis- 
tribution of  the  load,  42;  doors, 
arrangements  for,   42;  English 


bond,  40;  Flemish  bond,  40; 
rubble  used  by  the  Romans,  83; 
uniformity  of  construction,  neces- 
sity of,  40;  union  of  different 
kinds  of,  39;  various  kinds  of, 
defined,  38;  windows,  arrange- 
ment of  openings  for,  42 

Materials,  buildino,  72 

Medullary  rays,  72 

Metallic  roof  coverings,  66 

Metals  used  in  building,  85 

"  Miser"  described,  8 

Mitchell's  screw  piles,  7 

Mitre  box  described,  123 

Mortar,  contents  of  a  cubic  yard  of, 
106 

Mortar,  importance  of  good,  79; 
limes  used  in  making,  80 

Mortar,  process  of  making,  80 ; 
calcining  the  limestone,  89 ;  slak- 
ing the  quicklime,  80;  forming 
the  mortor,  80 

Mortar,  quality  of  the  sand  used  in 
83 

Mortising  described,  123 

Moscow,  roof  of  the  Imperial  Riding 

House  at,  53 
Moulding  planes,  122 
Moulds,  construction  of,   for  iron 

work,  88 

INJATURAL  foundations,  1 
■l-^    Natural  slope,  angle  of,  defined, 
15 

Nigtitsoil,  removal  of,  105 


OAK,  description  and  use  of  the, 
78 

Oblique  arches,  32 
Open  timbered  roofs,  general  princi- 
ples of,  61 

PAINT,  its  use  in  preventing  the 
decay  of  timber,  76 
Painter,  business  of  a,  145 ;  clear 
coling,  147 ;  distempering,  148  ; 
graining,  147 ;  materials  used  by 
a,  145;  valuation  of  the  work  ot 
a,  148 
Pantiles,  66 
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Paper,  piece  of,  defined,  149 
Paperhanger's  business,  149 
Paperhanger's  work,  valuation  of, 

149  ' 
Parliament,  roofs  of  the  Houses  of, 

described,  52 
Partitions,  construction  of,  43 
Paving  work,  method  of  measuring, 

104  ^ 
Pierre  perdue  foundations,  9 
Pig  iron,  conversion  of,  into  bar  iron 

or  steel,  89 
Pig  iron,  described,  86 
Piles,  foundations  formed  wholly  of, 

Piles,  screw,  7 ;  sheet  piling,  4 

Piles,  use  in  strengthening  a  founda- 
tion, 4  ;  use  of  cast  iron  for,  7 

Pillars,  strength  of  cast  iron,  99 

Pine,  description  and  use,  78 

Pit,  saw,  described,  128 

Plan  of  a  site  described,  155 

Plans,  block,  162 

Planes  described,  121 

Plasterer,  materials  used  by  a,  133; 
tools  of  a,  132 ;  wages  of  a,  137  ; 
work  of  a,  described,  132 

Plastering,  operation  of,  134; 
"  pugging,"  137  ;  rough  cast,  136 ; 
setting,  136;  stucco,  136;  use  of 
reeds  instead  of  laths  in,  137; 
memoranda  relating  to,  137 

Plate  glass,  145 

Plate  girders,  98 

Plumber,  work  of  the,  140;  flash- 
ings, 142 ;  work,  how  paid  for, 
142 ;  laying  sheet  lead,  141 ;  tools 
of  the,  140 ;  wages  of  a,  142 

Plumber's  labourer,  wages  of  a,  142 

Pointed  arches,  weakness  of,  28 

Posts,  strength  of  story,  99 

Pugging,  137 

Pumps,  charge  for,  142 

Purlins,  48 

Putty,  composition  of,  144 


QUANTITIES,    bills    of,  166; 
dimension  book,  166 
Quarry,  pitched,  113 
Queen's  truss,  51 


T)AILWAY  bridges,  use  of  lami- 
nated  arched  beams  in  the  con- 
struction of,  31 
Random  tooled,  113 
Ray's  medullary,  72 
Rebate  planes,  121 
Red  pine,  78 

Reeds,  use  of,  instead  of  laths  in 
plastering,  137 

Retaining  wall  defined,  14 ;  theory  of 
earth  pressure,  15;  calculation  of 
the  stability  of,  15 ;  centre  of  pres- 
sure, 17  ;  counterfort,  23  ;  resis- 
tance of  the  wall,  20 

Retaining  walls,  strongest  form  of, 
20;  triangular  form,  advantage 
of,  21 ;  modification  of  triangular 
form  in  general  use,  21 

Rib  and  panel  vaulting,  37 

Roman  cement,  first  use  of,  82 

Roman  vaulting  defined,  37 

Romans,  their  use  of  rubble  masonry 
83 

Roof  of  the  Imperial  Riding  House 
at  Moscow,  53 

Roof  coverings,  65 

Roofing,  construction  of,  49 

Roofs,  alteration  of  high  pitched  to 
flat,  57 ;  collar  truss,  49 ;  gothic, 
56;  iron,  52;  king's  truss,  50; 
metallic  coverings  for,  58  ;  of  the 
Houses  of  Parliament,  52 ;  on  the 
principle  of  the  arch,  54;  open 
timber,  general  principles  of,  61 ; 
queen's  truss,  51 ;  table  of  the 
weight  of  various  roof  coverings, 
67 ;  trussed,  49 

Rot  described,  76 

Rubble  masonry,  use  of,  by  the 
Romans,  83;  "use  of,  for  founda- 
t  ons,  83 

Rubble  work  defined,  38 

Rubbing  stone,  use  of,  103 

"  Rusticated,"  113 

QAFE  loads,  constant  of,  98 

^    Sand,  loss  of  bulk  in  making 

mortar,    106;    quality    of,  for 

making  mortar,  83 
Sash  saw,  121 
Sawyer's  work,  128 
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Saws  described,  120 
Saws,  circular,  129 
Scaffold,  bricklayer's,  103 
Scaffolds,  construction  of,  109;  use 

of  the  travelling  crane  on,  110 
Scappling  described,  108 
"  Scarfing"  timbers,  116 
Screw  piles,  Mitchell's,  7 
Scribing,  124 
Seasoning  timber,  75 
Sea-water,  action   of,  on  iron,  7  ; 

effect  of,  on  timber,  76 
Semicircular  arches,  weakness  of,  28 ; 

springing  of  part  of  the  abutments, 

29 

Settlement,  danger  of  irregular,  3, 
41 

Shale,  blue,  as  a  foundation,  2 
Sheet-lead,  laying  described,  141 
Sheet  piling,  4 
Sheet  glass,  145 
Shingles,  66 

Single  framed  flooring,  45 
Site,  plan  of,  described,  155 
Skeleton  estimate,  168 
Skew  arches,  31 

Slater,  business  of  a,  129;  laying 
slates,  130 ;  method  of  measuring 
the  work  of  a,  131 ;  tools  of  a,  129  ; 
wages  of  a,  132 

Slates  described,  130;  table  of  the 
size  of  roofing  slates,  132 

Slate,  definition  of  the  lap  of  a,  130 

Slope,  angle  of,  natural,  defined,  15 

Smelting  iron,  early  method  of,  fc5  ; 
with  pit  coal,  88 

Smith,  work  of  a,  138 

Soffit  of  an  arch,  25 

Solder,  soft,  described,  141 

Solid  wood  beams,  advantage  of  in 
case  (if  fire,  43 

Solid  foundations,  9 

Spanish  mahogany,  73 

Specifications  described,  164 

Spirit-level,  157 

Stancheons,  manufacture  of,  88 
Steel  joists,  97 

Steel  joists,  use  of,  in  wood  floors,  48 
Steel,  processes  by  which  it  is  made, 
89 

Steel,  weight  of,  per  cubic  foot,  139 
Stone  bonds,  JO,  ; .  . 


Stone-cutter,  business  of  a,  108 
Stone  cutting,  108,  112 
Stone,  weights  of  different  kinds  of, 
115 

Stone  work,  method  of  measuring, 
115 

Story  posts,  strength  of,  99 
Stretchers,  40 

Stucco  described,  133;  method  of 
using,  136 ;  painting  on,  147 ; 
rough,  136 

Supply  of  water,  67 ;  cisterns  de- 
scribed, 67 

Surveyor,  business  of  a,  151 

Surveyors,  commission  of,  for  taking 
out  quantities  175 


TABLE  of  the  resistance  to  com- 
pression of  various  materials,  91 ; 
of  the  weight  of  different  kinds  of 
earth,  105;  of  the  contents  of 
flooring,  127 ;  weight  of  lead 
pipes  per  yard,  142  ;  <>f  the  size  of 
roofiuK  slates,  132  ;  of  the  various 
materials  for  covering  roofs,  67  ; 
of  the  size  and  weight  of  different 
articles,  105 ;  of  the  weight  of 
various  kinds  of  stone,  115  ;  show- 
ing the  resistance  to  tension  of 
different  material,  92 ;  of  the 
weight  of  timber,  127 
Teak,  use  of,  79 
Tenon  saw,  120 

Tension,  resistance  to,  of  different 

materials,  92 
Theory  of  earth  pressure,  15 
Tiles  described,  65, 
Tiling,  107 ;  tools  for,  104 
Timber,  72 

Timber-beams,  trussed,  98 

Timber-bond  defined,  41 

Timber  suitable  for  the  builder,  77  ; 

fir  described,  78  ;  mahogany,  78  ; 

oak,  78;  pine,  78 
Timber,  decay  of,  75  ;  prevention  of, 

76;   creosoting,  Kyanizing,  Bur- 

iettizing,  Haskenizing,  Boucherie's 

method,  77 

•  Timber  seasoning,  75 
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Timber,  use  of,  as  a  foundation,  3; 

weight  of,  127 
Tin  saw,  use  of,  103 
Tools,  briclilayer's,  description  and 

use,  103 

Tools  of  a  carpenter,  116;  of  a 
joiner,  120 ;  of  a  mason,  108 ;  of 
a  plasterer,  132;  of  a  plumber, 
140;  of  a  slater,  IL'9;  of  a  stone- 
mason, 108 

Tools,  tiling,  104 

Travelling  cranes,  110 

Tree,  formation  of  the  wood,  73; 
influence  of  salts  of  iron  on  the 
wood  of  a,  74  ;  structure  of  a,  73 

Trees,  variation  in  the  character 
of  the  annual  rings  of  different, 
74 

Trees  suitable  for  the  builder,  77 

Trees,  time  of  felling,  75 

Trowel,  use  of,  103 

Truss,  bow  suspension,  53 

Trussed  timber  beams,  98 

Trussed  roofs,  49;  collar  truss,  49; 

iron  truss,  52;  king's  truss,  50; 

queen's  truss,  51 


VARNISH,  its  use,  manufacture, 
etc.,  148 

Vaulting  defined,  36;  cylindrical, 
36 ;  Gothic  ribbed,  37 ;  Roman, 
37 

Ventilation,  systems  of,  69 
Voussoirs  defined,  25 

WALNUT,  use  of,  78 
Walls,  breast,  14,  23 
Walls,  precautions  in  building,  21 
Walls,  retaining,  theory  of  earth 
pressure,   15;    stability   of,  18; 
centre  of  pressure,  17 ;  counter- 
forts, 23;   resistance  of  the  wall, 
20 ;   strongest  form  of  the,  20 ; 
triangular  form,  advantage  of,  21 ; 
triangular     form,  modification 
generally  used,  21 ;  wall  sliding 
upon  its  base  or  sinking,  17 


Warming,  methods  of,  described,  69 

Warming  combined  with  ventilation, 
advantage,  70 

Water  cements  described,  81 

Water  cisterns,  68 

Water-closet  apparatus,  142 

AVater,  foundations  in,  5  ;  beton,  10 
caissons,  10;  Clark's  system,  8  ; 
cofferdams,  12 ;  coursed  masonry, 
10;  formed  wholly  of  piles,  6; 
Indian  and  Chinese,  9  ;  Mitchell's 
screw  piles,  7  ;  pierre  perdue,  9 ; 
solid  on  the  surface  of  the  ground, 
9  ;  use  of  cast-iron  cylinders,  8 

Water  limes,  composition  of,  80 

Water,  supplv  of,  67 

Welsh  iron,  89 

Westminster  Hall,  roof  of,  described, 
64 

Wet  rot,  76 

White  cast-iron,  87 

Wing  walls,  construction  of,  35 

Wood,  formation  of,  73  ;  variation 
in  the  texture  of,  74 

Woods  suitable  for  the  builder,  77  ; 
fir  described,  78  ;  mahogany,  78  ; 
oak,  78  ;  pine,  78 

Wood  beams,  solid,  advantage  of  in 
case  of  fire,  43 

Wood,  charring  the  exterior  of,  as  a 
preventive  against  decay,  77 

Work,  setting  out,  153 

Working  drawings  described,  160 ; 
block  plans,  162;  detailed  draw- 
ing, 163  ;  general  drawings,  162 

Wrought  iron,  its  resistance  to  com- 
pression, 92  ;  manufacture  of,  86  ; 
weight  of,  per  cubic  foot,  139  ;  as 
an  ornamental  material,  138 


ELLOW  pines,  78 


TNC,  laying  sheet,  143  ;  use  of,  for 
'    covering  roofs,  66 
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and  Miscellaneous  Matter.— With  DIAGRAMS  for  valve-Gear,  Belting  and 
Ropes,  Discharge  and  suction  Pipes,  Screw  Propellers,  and  copper  Pipes. 

PART  II.— Treating  of  Power  of  Boilers.— Useful  Ratios.— Notes  on 
construction.  —  Cylindrical  Boiler  Shells.  —  Circular  Furnaces.  —  Flat 
Plates.— stays.  —  Girders.— screws.  —  Hydraulic  Tests.  —  Riveting.  —  Boiler 
Setting,  Chimneys,  and  mountings.— Fuels,  &c.— Examples  of  Boilers  and  speeds 
op  Steamships.— Nominal  and  Normal  Horse  Power.— With  DIAGRAMS  for  all 
Boiler  Calculations  and  Drawings  of  many  Varieties  of  Boilers. 

"  Mr.  Foley  is  well  fitted  to  compile  such  a  work.  The  diagrams  are  a  great  feature  of  the 
work.  It  may  be  stated  that  Mr.  Foley  has  produced  a  volume  which  will  undoubtedly  fulfil  the 
desire  of  the  author  and  become  indispensable  to  all  mechanical  engineers.  "—Marine  Engineer. 

"  We  have  carefully  examined  this  work,  and  pronounce  It  a  most  excellent  reference  bock 
foiThe  use  of  marine  cngmeeis.''—youmal  0/  Afrurican  Society  cj  Is  aval  hns;tHeers. 
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THE  W0RK5'  MANAGER'S  HANDBOOK. 

Comprising  Modern  Rules,  Tables,  and  Data.    For  Engineers,  Millwrights, 
and  Boiler  Makers  ;  Tool  Makers,  Machinists,  and  Metal  Workers  ;  Iron  and 
Brass  Founders,  &c.    By  W.  S.  Hutton,  Civil  and  Mechanical  Engineer, 
Author  of  "The  Practical  Engineer's  Handbook."    Sixth  Edition,  carefully 
Revised,  and  Enlarged.    Medium  8vo,  strongly  bound     .       .       .  16/0 
Bun    The  A  uthor  having  compiled  Rules  and  Data  for  his  own  use  in  a  great 
variety  of  modern  engineering  work,  and  having  found  his  notes  extremely  useful, 
decided  to  publish  them — revised  to  date — believing  that  a  practical  work,  suited  to 
the  DAILY  REQUIREMENTS  OF  MODERN  ENGINEERS,  would  be  favourably  received. 

"  The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
notes  for  application  in  worlcshop  practice,  rather  tlian  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a  gfreat  deal  of  that  kind  of  infonnation  which  is  grained  only  by  practical  experience, 
and  is  seldom  written  in  books." — The  Engineer. 

*'  The  volume  is  an  exceedingly  useful  one,  brimful  with  en^neer's  notes,  memoranda,  and 
rules,  and  well  worthy  of  being  on  every  mechanical  engineer's  bookshelf." — Mecha7iical  VVorld. 

STEAM  BOILER  CONSTRUCTION. 

A  Practical  Handbook  for  Engineers,  Boiler-Makers,  and  Steam  Users. 
Containing  a  large  Collection  of  Rules  and  Data  relating  to  Recent  Practice 
in  the  Design,  Construction,  and  Working  of  all  Kinds  of  Stationary,  Loco- 
motive, and  Marine  Steam-Boilers.  By  Walter  S.  Hutton,  Civil  and 
Mechanical  Engineer,  Author  of  "  The  Works'  Manager's  Handbook,"  "The 
Practical  Engineer's  Handbook,"  &c.  With  upwards  of  500  Illustrations. 
Fourth  Edition,  carefully  Revised,  and  Enlarged.  Medium  8vo,  over  58o  pages, 

cioth,  strongly  bound  1  8/0 

This  Work  is  issued  in  continuation  of  the  Series  of  Handbooks  written 
by  the  Author,  viz. : — "The  Works'  Manager's  Handbook  "  and  "  The  Practical 
Engineer's  Handbook,"  which  are  so  highly  appreciated  by  engineers  for  the 
practical  nature  of  their  information ;  and  is  consequently  written  in  the  same  style 
as  those  works. 

"  One  of  the  best,  if  not  the  best,  books  on  boilers  that  has  ever  been  published.  The  Infor- 
mation is  of  the  right  kind,  in  a  simple  and  accessible  form.  So  far  as  generation  is  concerned,  this 
is,  undoubtedly,  the  standard  book  on  steam  practice." — Electrical  Review. 

"  Every  detail,  both  in  boiler  design  and  management,  is  clearly  laid  before  the  reader.  The 
volume  shows  tliat  boiler  construction  has  been  reduced  to  the  condition  of  one  of  the  most  exact 
sciences ;  and  such  a  book  is  of  the  utmost  value  to  the  /in  de  sUcle  Engineer  and  Works  Manager." 
— Marine  Engineer. 

"  There  has  long  been  room  for  a  modern  handbook  on  steam  boilers  ;  there  is  not  that  room 
nDW,  because  Mr.  Hutton  has  filled  it.  It  is  a  thoroughly  practical  book  for  those  who  are  occupied 
in  the  construction,  design,  selection,  or  use  of  hoWais." —Engineer, 

PLATING  AND  BOILER  MAKING. 

A  Practical  Handbook  for  Workshop  Operations.  By  Joseph  G.  Horner, 
A.M.I.M.E.  380  pp.  with  338  Illustrations.  Crown  Svo,  cloth  .  .  7/6 
"  This  work  is  characterised  by  that  evidence  of  close  acquaintance  with  workshop  methods 
which  will  render  the  book  exceedingly  acceptable  10  the  practical  hand.  We  have  no  hesitation 
in  connnending  the  work  as  a  serviceable  and  practical  handbook  on  a  subject  which  has  not 
hitherto  received  much  attention  from  those  qualified  to  deal  with  it  in  a  satisfactory  manner." — 
Mechanical  iVot-ld. 

A  TREATISE  ON  STEAM  BOILERS. 

Their  Strength,  Construction,  and  Economical  Working.    By  R.  Wilson,  C.E. 

Fifth  Edition.    i2mo,  cloth  6/0 

"The  best  treatise  that  has  ever  been  published  on  steam  boilers." — Engineer. 

BOILER  AND  FACTORY  CHIMNEYS. 

Their  Draught-Power  and  Stability.  With  a  chapter  on  Lightning  Conductors. 
By  Robert  Wilson,  A.I. C.E. ,  Author  of  "  A  Treatise  on  Steam  Boilers,"  &c. 

Crqwn  Svo,  cloth  3/6 

"  A  valuable  contribution  to  the  literature  of  scientific  building." — The  Builder, 

BOILERMAKER'S  ASSISTANT. 

In  Drawing,  Templating,  and  Calculating  Boiler  Work,  &c.  By  J. 
Courtney,  Practical  Boilermaker.    Edited  by  D.  K.  Clark,  C.E.  Seventh 

Edition.    Crown  Svo,  cloth  2/0 

"  With  very  great  care  we  have  gone  through  the  '  Boilermaker'  Assistant  and  have  to  say 

tliat  it  has  our  own  unqualified  approval.     Scarcely  a  point  has  been  omitted." — Foreman 

Eniiincer. 
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BOILERMAKER'S  READY  RECKONER. 

With  Examples  of  Practical  Geometry  and  Templating  for  the  Use  of 
Platers,  Smiths,  and  Riveters.  By  John  Courtney.  Edited  by  D.  K.  Clark^ 

M.Inst.C.E.     Crown  8vo,  cloth  **IO 

"A  most  useful  work.  No  workman  or  apprentice  should  be  without  it."— Iron  Trade 
Circular. 

BOILERMAKER'5  READY  RECKONER  &  ASSISTANT. 

With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers, 
Smiths  and  Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark, 
M  Inst  C.E.    Fifth  Edition,  480  pp.,  with  140  Illustrations.     Fcap.  8vo,  halt- 

bound  ■  „    ■       ■  . 

*  +  T/iis  Work  consists  of  the  hao  previous  mentioned  volumes,     Boilermaker  s 
*      Assistant,"  and  "  Boilermaker's  Ready  Reckoner,"  bound  together  tn 
One  Volume. 

No  workman  or  apprentice  should  be  without  this  book."-/»-o»  Trade  Circular. 

STEAM  BOILERS. 

Their  Construction  and  Management.   By  R.  Armstrong,  C.E.  Illustrated^ 

Crown  8vo,  cloth  _  •       •       •  ■I/O 

"  A  mass  of  information  suitable  for  hegmnas."— Design  and  Wor/c. 

THE  PRACTICAL  ENGINEER'S  HANDBOOK. 

Comprising  a  Treatise  on  Modern  Engines  and  Boilers,  Marine,  Locomotive 
and  Stationary.    And  containing  a  large  collection  of  Rules  and  Practical 
Data  relating  to  Recent  Practice  in  Designing  and  Constructing  all  kinds  ot 
Engines,  Boilers,  and  other  Engineering  work.    The  whole  constituting  a  com- 
orehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certificates 
of  Competency  in  Modern  Mechanical  Engineering    By  Walter  S.  Hutton 
Civil  and  Mechanical  Engineer,  Author  of  "  The  Works  Manager  s  H^dbook 
for  Engineers,"  &c.     With  upwards  of  420  Illustrations.     Sixth  EdiUor^ 
Revised  and  Enlarged.    Medium  8vo,  nearly  560  pp.,  strongly  bound.    1  8/0 
This  Work  is  designed  as  a  companion  to  the  Author's  "Works' 
m.matTr's  Handbook."    It  possesses  many  new  and  original  features,  and  con- 
^tnsTkfits  pr^Zefsor,  a  quakity  of  matter  not  originally  intended  for  PMtcaHon 
bwt  collected  ly  the  Author  for  his  own  use  in  the  construction  of  a  great  variety  of 
Modern  Engineering  Work.  '  ,  .  •„    ^   ^  j  i 

The  information  is  given  in  a  condensed  and  concise  form,  and  ts  illustrated  by 
upwards  of  420  Engravings;  and  comprises  a  quantity  of  tabulated  matter  of  great 
vahie  to  all  engaged  in  designing,  constructing,  or  estimating  for  Engines,  Boilers, 
and  other  Engineering  Work. 

••  We  have  kept  It  at  hand  for  several  weeks,  referring  to  It  as  occasion  arose,  and  we  have  no 
on  a  sin^e  occiion  consulted  its  pages  without  finding  the  information  of  which  we  were  in  quest. 

-^''^.^"horoughly  good  practica  handbook,  which  no  engineer  can  go  through  without  learning 
somethin^g^that^wiU^^^^^^^^^  valuable  text-book  or  students  of 

^^^^^^f^V^s'  -fuabir^ilnual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechanical  engineering.^j-^^^^^  surprising  quantity  of  rules  and  practical  data,  and  has 

.hown  much  mXent"^^^^  has  madl  \    .    .    There  is  no  doubt  that  this  book  is 

nnrnf  t^e  most  uS  o  its  kind  published,  and  will  be  a  very  popular  compendium.;  .-£«pn«r 

■•  A  nTass  of  Tfomiation  set  down  in  simple  language,  and  in  such  a  form  that  it  can  be  easUy 
„(»,r.H  tn  at  anv  ttae  The  matter  is  unifonnly  good  and  well  chosen,  and  is  greatly  e  ucidated 
bv  the  mustrat'oL    The  boo^  will  find  its  way  on  to  most  engineers'  shelves,  where  it  will  rank  as 

^^.t'FXofusllS\nrr^a?^,ranTSo^^^^^^ 
^Jinolish  Mechanic. 

TEXT-BOOK  ON  THE  STEAM  ENGINE. 

With  a  Supplement  on  Gas  Engines  and  Part  II.  on  Heat  Engines.  By 
T  M  GooDEVE,  M.A.,  Barrister-at-Law,  Professor  of  Mechanics  at  the  Royal 
College  of  Science,  London  ;  Author  of  "  The  Principles  of  Mechanics,  i  he 
Elemlnts  of  Mechanism,"  &c.  Fourteenth  Edition.  Crown  8vo,  cloth  .  6/0 
"Professor  Goodeve  has  given  us  a  treatise  on  the  steam  engine,  which  wiU  bear  comparison 
with  an^hing  written  by  Huxley  or  MaxweU.  and  we  can  award  it  no  higher  pra.se.'  -Engxneer. 

"  Mr.  Goodeve's  text-book  is  a  work  of  which  every  young  engineer  should  possess  himself. 
—Mining  Journal. 
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A  HANDBOOK  ON  THE  5TEAM  ENGINE. 

With  especial  Reference  to  Small  and  Medium-sized  Engines.  For  the  Use  of 
Engine  Makers,  Mechanical  Draughtsmen,  Engineering  Students,  and  users 
of  Steam  Power.  By  Herman  Haeder,  C.E.  Translated  from  the  German 
with  additions  and  alterations,  by  H.  H.  P.  Powles,  A. M.I. C.E. ,  M.I.M.E. 
Third   Edition,    Revised.      With  nearly   i,ioo  Illustrations.     Crown  8vo, 

cloth  iVe;-  7/6 

"  A  perfect  encyclopEedia  of  the  steam  engine  and  its  details,  and  one  which  must  take  a  per- 
manent place  in  English  drawing-offices  and  workshops."—^  Foreman  Pattern-maker. 

"This  is  an  excellent  book,  and  should  be  in  the  hands  of  all  who  are  interested  In  the  con- 
struction and  design  of  medium-sized  stationary  engines.  ...  A  careful  study  of  its  contents  and 
the  arrangement  of  the  sections  leads  to  the  conclusion  that  there  is  probably  no  other  book  like  it 
in  this  country.  The  volume  aims  at  showing  the  results  of  practical  experience,  and  it  certainly 
may  claim  a  complete  achievement  of  this  idea." — Nature. 

"  There  can  be  no  question  as  to  its  value.  We  cordially  commend  it  to  all  concerned  in  the 
design  and  construction  uf  the  steam  engine." — Mechanical  World. 

THE  PORTABLE  ENGINE. 

A  Practical  Manual  on  its  Construction  and  Management.  For  the  use 
of  Owners  and  Users  of  Steam  Engines  generally.     By  William  Dyson 

Wansbrough.    Crown  8vo,  cloth  3/6 

"  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every 
one  who  has  a  steam  engine,  on  a  farm  or  elsewhere.  "--Afay,4  Lane  Express. 

THE  STEAM  ENGINE, 

A  Treatise  on  the  Mathematical  Theory  of,  with  Rules  and  Examples  for 
Practical  Men.    By.  T.  Baker,  C.E.    Crown  8vo,  cloth     .       .  .1/6 
"  Teems  with  scientific  information  with  reference  to  the  'A(tM\\-<tn%\\vt:'— Design  and  Work. 

THE  STEAM  ENGINE. 

For  the  use  of  Beginners.    By  Dr.  Lardner.    Crown  8vo,  cloth     .    1  /6 

LOCOMOTIVE  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Locomotive  Engines.  By 
Michael  Reynolds,  M.S.E.   Twelfth  Edition.    Crown  8vo,  cloth,  3 '6  ; 

cloth  boards  4/6 

"  We  can  confidently  recommend  the  book,  not  only  to  tlie  practical  driver,  but  to  everyone 
wlio  takes  an  interest  in  tlie  performance  of  locomotive  engines."— 77itf  Eii.j^i?ieer. 

THE  LOCOMOTIVE  ENGINE. 

The  Autobiography  of  an  Old  Locomotive  Engine.  By  Robert  Weather- 
BURN,  M.I.M.E.  With  Illustrations  and  Portraits  of  Gf:oRGK  and  Robert 
Stephenson.    Crown  8vo,  cloth  ^et  2/6 

THE  LOCOMOTIVE  ENGINE  AND  ITS  DEVELOPMENT. 

A  Popular  Treatise  on  the  Gradual  Improvements  made  in  Railway  Engines 
between  1803  and  1903.    By  Clement  E.  Stretton,  C.E.    Sixth  Edition, 

Revised  and  Enlarged.    Crown  8vo,  cloth  Net  4/6 

"Students  of  railway  history  and  all  who  are  Interested  In  the  evolution  of  the  modern 
lo;omotlve  will  find  much  to  attract  and  entertain  In  this  volume. '—TAe  Times. 

THE  MODEL  LOCOMOTIVE  ENGINEER, 

i  ireman,  and  Engine-Boy.  Comprising  a  Historical  Notice  of  the  Pioneer 
Locomotive  Engines  and  their  Inventors.  By  Michael  Reynolds.  Second 
Edition,  with  Revised  Appendix.  Crown  Svo,  cloth,  3/6 ;  cloth  boards.  4/6 
"  We  should  be  glad  to  see  this  book  in  the  possession  of  eveiyo'i"  in  the  kingdom  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine." — Iron, 

LOCOMOTIVE  ENGINES. 

A  Rudimentary  Treatise  on.  By  G.  D.  Dempsey,  C.E.  With  large 
Additions  treating  of  the  Modern  Locomotive,  by  D.  K.  Clark,  M.Inst. C.E. 

With  Illustrations.    Crown  Svo,  cloth  3/O 

' '  A  model  of  what  an  elementary  technical  book  should  he."— Academy. 

CONTINUOUS  RAILWAY  BRAKES. 

A  Practical  Treatise  on  the  several  Systems  in  Use  in  the  United  Kingdom  : 
their  Construction  and  Performance.    By  M.  Reynolds.    8vo,  cloth  9/0 
"  A  popular  explanation  of  the  different  brakes.   It  will  be  of  great  assistance  In  forming 
public  opmion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  htake."— English 
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ENQINE-DRIVINQ  LIFE. 

Stirring  Adventures  and  Incidents  in  the  Lives  of  Locomotive  Engine- 
Drivers.  By  Michael  Reynolds.  Third  Edition.  Crown  8vo,  cloth  .  1/6 
"  From  first  to  last  perfectly  fascinating.    Wilkie  CoUins's  most  thrilling  conceptions  are 

thrown  into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."— A^o>-^A 

British  Mail. 

STATIONARY  ENGINE  DRIVING. 

A  Practical  Manual  for  Engineers  in  Charge  of  Stationary  Engines.  By 
Michael  Reynolds,  M.S.E.    Seventh  Edition.    Crown  8vo,  cloth,  3/6 ; 

cloth  boards  4/6 

"  The  autlior  is  thoroughly  acquainted  with  his  sulijects,  and  lias  produced  a  manual  which  is 
an  exceedingly  useful  one  for  the  class  for  whom  it  is  specially  \n\.c\\AeA."—]in,i;iHceriiig. 

THE   CARE  AND   MANAGEMENT  OF  STATIONARY 

ENGINES. 

A  Practical  Handbook  for  Men-in-charge.  By  C.  Horst.  Crown  8vo.  Net  1/0 

THE  ENQINEMAN'S  POCKET  COMPANION, 

And  Practical  Educator  for  Engineraen,  Boiler  Attendants,  and  Mechanics. 

By  Michael  Reynolds.    With  45  Illustrations  and  numerous  Diagrams. 

Fifth  Edition.  Royal  i8mo,  strongly  bound  for  pocket  wear  .  .  3/6 
'•  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  information  an 
engine-minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  requite."— 
The  Miller. 

THE  SAFE  USE  OF  STEAM. 

Containing  Rules  for  Unprofessional  Steam  Users."  By  an  Engineer.  Eighth 

Edition.    Sewed  6d. 

"  If  steam-users  would  but  leam  this  little  book  by  heart,  boiler  explosions  would  become 
sensations  by  their  taiity."— English  Mechanic. 

STEAM  AND  MACHINERY  MANAGEMENT. 

A  Guide  to  the  Arrangement  and  Economical  Management  of  Machinery, 
with  Hints  on  Construction  and  Selection.    By  M.  Powis  Bale,  M.Inst. M.E. 

Crown  8vo,  cloth  2/6 

"  Gives  the  results  of  wide  experience."— Newspaper. 

GAS=ENGINES  AND  PRODUCER=GAS  PLANTS. 

A  Treatise  setting  forth  the  Principles  of  Gas  Engines  and  Producer  Design, 
the  Selection  and  Installation  of  an  Engine,  Conditions  of  Perfect  Operation, 
Producer-Gas  Engines  and  their  Possibilities,  the  Care  of  Gas  Engines  and 
Producer-Gas  Plants,  with  a  Chapter  on  Volatile  Hydrocarbon  and  Oil 
Engines.  By  R.  E.  Mathot,  M.E.  Translated  from  the  French.  With  a 
Preface  by  Dugald  Clerk,  M.Inst.C.E.,  F.C.S.  Medium  8vo,  cloth, 
310  pages,  with  about  150  Illustrations.  {Just  Published.    Net  1  2/0 

"  Any  work  on  tliese  subjects  which  bears  the  hall-mark  of  Mr.  Dugald  Clerk's  approval  is 
sure  to  receive  careful  .attention,  but  there  can  be  little  doubt  about  the  welcome  tliat  will  be 
accorded  to  Mr.  Mathot's  book  for  its  own  sake.  Mr.  Clerk  remarks :  '  I  know  of  no  work  winch 
has  gone  so  fully  into  the  details  of  gas  engine  installation  and  up-keep.'  The  author  deals^  not 
only  with  the  construction  of  the  gas-engine,  but  also  with  all  tlie  details  of  its  installation  and  the 
conditions  essential  to  satisfactory  working."— y^oar/ial  of  Gas  IJghtiii!;. 

GAS  AND  OIL  ENGINE  MANAGEMENT. 

A  Practical  Guide  for  Users  and  Attendants,  being  Notes  on  Selection,  Con- 
struction, and  Management.  By  M.  Powis  Bale,  M.Inst.C.E,,  M.I.Mech.E. 
Authorof  "Woodworking  Machinery,"  &c.    Crown  8  vo,  cloth     .    JVei  316 

THE  QAS=ENQINE  HANDBOOK. 

A  Manual  of  Useful  Information  for  the  Designer  and  the  Engineer.  By  E.  W. 
Roberts,  M.E.  With  Forty  Full-page  Engravings.  Small  Fcap.  8vo,  leather. 

Net  8/6 

ON  GAS  ENGINES. 

With  Appendix  describing  a  Recent  Engine  with  Tube  Igniter.    By  T.  M. 

GooDEVE,  M.A.    Crown  8vo,  cloth  2/6 

"  Like  all  Mr.  Goodeve's  writings,  the  present  Is  no  exception  In  point  of  general  excellence. 
It  is  a  valuable  little  volume."— -hanical  IVorld. 
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THE  ENGINEER'S  YEAR  BOOK  FOR  1906. 

Comprising  Formulae,  Rules,  Tables,  Data  and  Memoranda  in  Civil,  Mechanical, 
Electrical,  Marine  and  Mine  Engineering.  By  H.  R.  Kempe,  M.Inst.C.E., 
Principal  Staff  Engineer,  Engineer-in-Chief 's  Office,  General  Post  Office, 
London,  Author  of  "A  Handbook  of  Electrical  Testing,"  "The  Electrical 
Engineer's  Pocket-Book,"  &c.  With  i,ooo  Illustrations,  specially  Engraved 
for  the  work.    Crown  8 vo,  950  pp.,  leather.  [Just  Published.  8/0 

"  Kempe's  Year-Book  really  requires  no  commendation.  Its  sphere  of  usefulness  is  widely 
known,  and  it  is  used  by  engineers  the  world  over." — The  Engineer. 

"The  volume  is  distinctly  in  advance  of  most  similar  publications  in  this  country."— 
Engineering. 

"  This  valuable  and  well-designed  book  of  reference  meets  the  demands  of  all  descriptions  o 
engineers." — Saturday  RevieTv. 

"  Teems  with  up-to-date  information  In  every  branch  of  engineering  and  construction."— 
Building  News, 

"  The  needs  of  the  engineering  profession  could  hardly  be  supplied  In  a  more  admirable, 
complete  and  convenient  form.  To  say  that  it  more  than  sustains  all  comparisons  is  praise  of  the 
highest  sort,  and  that  may  justly  be  said  olKt." —Mining  Journal. 

THE  MECHANICAL  ENQINEER'5  POCKET-BOOK. 

Comprising  Tables,  Formulae,  Rules,  and  Data  :  A  Handy  Book  of  Reference 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnear  Clark,  M.Inst.C.E., 
Fifth  Edition,  thoroughly  Revised  and  Enlarged.  By  H.  H.  P.  Powles, 
A. M.Inst.C.E.,  M.I.M.E.    Small  8vo,  700  pp.,  Leather     .      .    Net  6/0 

Summary  of  Contents  :— Mathematical  Tables.— Measurement  of  Surfaces 
AND  Solids.— English  Weights  and  Measures.— French  Metric  weights  and 
Measures.— Foreign  Weights  and  Measures.— Moneys.— Specific  Gravity, 
Weight,  and  Volume.— Manufactured  Metals.— Steel  Pipes. —Bolts  and  Nuts.— 
Sundry  Articles  in  Wrought  and  Cast  Iron,  Copper,  Brass,  Lead,  Tin,  Zinc- 
Strength  OF  Materials.  —  Strength  of  Timber.— Strength  of  Cast  Iron.— 
Strength  of  Wrought  Iron.— Strength  of  Steel.— Tensile  Strength  op  Copper, 
Lead,  &c.— Resistance  of  Stones  and  other  building  Materials.— Riveted  Joints 
in  Boiler  Plates.— Boiler  Shells.— Wire  ropes  and  Hemp  Ropes.— Chains  and 
Chain  Cables.— Framing.— Hardness  of  Metals,  Alloys,  and  Stones.— Labour  of 
animals.— Mechanical  Principles.— Gravity  and  Fall  op  Bodies.— Accelerating 
AND  Retarding  Forces.— Mill  Gearing,  Shafting,  &c.— Transmission  of  Motive 
Power.— Heat.— COMBUSTION;  Fuels.— warming,  Ventilation,  Cooking  Stoves.— 
Steam.— Steam  Engines  and  Boilers.— Railways.— Tramways.— Steam  Ships.— 
Pumping  steam  Engines  and  Pumps.— coal  Gas  Gas  Engines,  &c.— Air  in  Motion 
—Compressed  air.— Hot  Air  Engines.— Water  Power.— Speed  of  Cutting  Tools. 
—Colours.— Electrical  Engineering. 

'*  Mr.  Clark  manifests  what  is  an  Innate  perception  of  what  Is  likely  to  be  useful  In  a  pocktt 
boDk,  and  he  is  really  unrivalled  in  the  art  of  condensation.  It  is  very  difficult  to  hit  upon  any 
mechanical  engineering  subject  concerning  which  this  worlc  supplies  no  information,  and  the 
excellent  index  at  the  end  adds  to  its  utility.  In  one  word,  it  is  an  exceedingly  handy  and  efficient 
tool,  possessed  of  which  the  engineer  will  be  saved  many  a  wearisome  calculation,  or  yet  more 
wearisome  hunt  through  various  text-books  and  treatises,  and,  as  such,  we  can  heartily  recommend 
it  to  our  readers." — The  Engineer. 

"  It  would  be  found  difficult  to  compress  more  matter  within  a  similar  compass,  or  produce  a 
bjok  of  700  pages  which  should  be  more  compact  or  convenient  for  pocket  reference.  .  .  ,  Will 
be  appreciated  by  mechanical  engineers  of  all  classes."— Pj-acrtia/  Engineer. 

PRACTICAL  MECHANICS'  WORKSHOP  COMPANION. 

Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulae  in  Mechanical 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Facilitating  Mechanical  Operations.  By  William  Templeton,  Author  of 
"  The  Engineer's  Practical  Assistant,"  &c.,  &c.  Eighteenth  Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  W.  S.  Hutton,  C.E.,  Author  of 
"The  Works'  Manager's  Handbook,"  &c.  Fcap.  Svo,  nearly  500  pp.,  with 
8  Plates  and  upwards  of  250  Diagrams,  leather  8/0 

"  In  its  modernised  form  Hutton's  '  Templeton  '  should  have  a  wide  sale,  for  it  contains  much 
valuable  information  which  the  mechanic  will  often  find  of  use,  and  not  a  few  tables  and  notes  which 
he  might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  'Templeton.'" — English  Mechanic. 

"  It  has  met  with  great  success  in  the  engineering  workshop,  and  there  are  a  great  meuiy  men 
who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  book." — Building  News. 

"  This  famlUar  text-book  Is  of  essential  service  to  the  every-day  requirements  of  engineers, 
millwrights,  and  the  various  trades  connected  with  engineering  and  building.  The  new  modernised 
edition  is  worth  its  weight  in  gold." — Building  A eruis.    (Second  Notice.) 

"This  well-knovra  and  largely-used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useiui  to  the  foreman  anti  draughtsman.  So  much  fresh  information  has  been  introduced  as 
to  cuiistituce  it  practically  ?.  new  book."—  We^  hantcal  World. 
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ENQINEER'S  AND  MILLWRIGHT'S  ASSISTANT. 

A  Collection  of  Useful  Tables,  Rules,  and  Data.    By  William  Templeton. 

Eighth  Edition,  with  Additions.    i8mo,  cloth  2/6 

"Occupies  a  toremost  place  among  books  of  this  kind.  A  more  suitable  present  to  an 
apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  made."— Building-  News. 

"A  deservedly  popular  work.  It  should  be  In  the  'drawer'  of  every  mechanic."— fiwfWjA 
Mechanic 

TABLES  AND  MEMORANDA  FOR  ENGINEERS, 

MECHANICS,  ARCHITECTS,  BUILDERS,  &c. 

Selected  and  Arranged  by  Francis  Smith.  Seventh  Edition,  Revised,  including 
Electrical  Tables,  Formula,  and  Memoranda.    Waistcoat-pocket  size, 

limp  leather  1/6 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  formulae 
to  suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine;  but  Mr.  Smith's  waistcoat- 
pocket  collection  may  be  looked  upon  as  a  successful  attempt." — Engineer. 

"  The  best  example  we  have  ever  seen  of  270  pages  of  useful  matter  packed  Into  the  dimen- 
sions  of  a  card-case.  "—^Mt'/afiw^-  Nerws.  "  A  veritable  pocket  treasury  of  knowledge.'  —/row. 

THE  MECHANICAL  ENQINEER'S  COMPANION. 

Of  Areas,  Circumferences,  Decimal  Equivalents,  in  inches  and  feet,  millimetres, 
squares,  cubes,  roots,  &c.  ;  Strength  of  Bolts,  Weight  of  Iron,  &c.  ;  Weights, 
Measures,  and  other  Data.    Also  Practical  Rules  for  Engine  Proportions.  By 

R.  Edwards,  M.Inst.C.E.    Fcap.  8vo,  cloth  3/6 

"A  very  useful  little  volume.  It  contains  many  tables,  classified  data  and  memoranda 
generallv  useful  to  engineerK." — Eneinee*. 

"  What  it  professes  to  be,  'a  handy  office  companion,'  giving  in  a  succinct  form  a  variety  of 
inf«rmation  likely  to  be  required  by  mechanical  engineers  in  their  everyday  oftice  ■woik."—A'atitre. 

MECHANICAL  ENOINEERINQ  TERMS 

(Lockwood's  Dictionary  of).    Embracing  those  current  in  the  Drawing  Office, 
Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths',  and  Boiler  Shops,  &c.  Com- 
prising upwards  of  6,000  Definitions.    Edited  by  J.  G.  Horner,  A.M.I.M.E. 
Third  Edition,  Revised,  with  Additions.    Crown  8vo,  cloth  .       .    JVei  7/6 
"Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  In  mechanical  en- 
gineering.   The  practiced  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and  every 
foreman  engineer  and  mechanic  should  have  a  copy." — Suildin£-  Nerwi. 

POCKET  GLOSSARY  OF  TECHNICAL  TERMS. 

English-French,  French-English;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing,  and  Nautical  Professions.     By  John  James 
Fletcher.    Fourth  Edition,  200  pp.  Waistcoat-pocket  size,  limp  leather  1/6 
"  It  is  a  very  great  advantage  for  readers  and  correspondents  In  France  £ind  England  to  have 
so  large  a  number  of  the  words  relating  to  engineering  and  manufactures  collected  in  a  lUiputian 
volume.    The  little  book  will  be  useful  both  to  students  and  travellers."— ..4 rcAt'/eci. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged. 
W*  Cf>rdiaUv  commend  the  book." — MecJianical  World, 

IRON  AND  STEEL. 

A  Work  for  the  Forge  Foundry,  Factory,  and  Office.  Containing  ready, 
useful,  and  trustworthy  Information  for  Ironmasters  and  their  Stock-takers ; 
Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills;  Iron  and  Metal 
Founders ;  Iron  Ship  and  Bridge  Builders ;  Mechanical,  Mining,  and  Con- 
sulting Engineers ;  Architects,  Contractors,  Builders,  &c.  By  Charles  Hoare, 
Author  of  "The  Slide  Rule,"  &c.    Ninth  Edition,    ^amo.  leather        .  6/0 

WORKMAN'S  MANUAL  OF  ENGINEERING  DRAWING. 

By  John  Maxton,  Instructor  in  Engineering  Drawing,  Royal  Naval 
College,  Greenwich.  Eighth  Edition.  300  Plates  and  Diagrams.  Crown  8vo, 

cloth  3/6 

"  A  co[)y  of  it  slioukl  be  kept  for  reference  in  every  drawing  o&z^."—kngitit<:riHs: 

PATTERN  MAKING. 

Embracing  the  Main  Types  of  Engineering  Construction,    and  including 
Gearing,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns,  Screws, 
Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and 
Greensand,  Weight  of  Castings,  &c.    By  J.  G.  Horner,  A.M.I.M.E.  Third 
Edition.  Enlarged.    With  486  Illustrations.    Crown  8vo,  cloth.    .    Net  7/6 
"  A  well-written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  prac- 
tised what  he  has  written  about.  .  .  .  We  cordially  recommend  it  to  engineering  students,  young 
journeymen,  and  others  desirous  of  being  initiated  into  the  mjfSteries  of  pattern-making.  "—.Sxi/o'dr. 

"  An  excellent  vade  mecum  for  the  apprentice  who  desires  to  become  master  of  his  trade." 
— English  Mechanic. 
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SMITHY  AND  FORGE. 

Including  the  Farrier's  Art  and  Coach  Smithing.     By  W.  J.  E.  Crane. 

Crown  8vo,  cloth  2/6 

"  The  first  modern  English  book  on  the  subject.  Great  pains  have  been  bestowed  by  tlie 
author  upon  tlie  book ;  shoeing-smiths  will  find  it  both  useful  and  interesting-."— jS/^Yrffr. 

TOOTHED  GEARING. 

A  Practical  Handbook  for  Offices  and  Workshops.  By  J.  Horner,  A.M.I.M.E. 
Second  Edition,  with  a  new  Chapter  on  Recent  Practice.    With  184  Illu.stra- 

tions.    Crown  8vo,  cloth  6/0 

!.'       S''^^  unqualified  praise  for  its  thoroughness  of  treatment,  and  recommend 

It  to  all  mterested  as  the  most  practical  book  on  the  subject  yet  v/iittea."— Mechanical  H'orld. 

MODERN  WORKSHOP  PRACTICE, 

As  applied  to  Marine,  Land,  and  Locomotive  Engines,  Floating  Docks, 
Dredging  Machines,  Bridges,  Shipbuilding,  &c.    By  J.  G.  Winton.  Fourth 

Edition,  Illustrated.    Crowu  8vo,  cloth  3/6 

"  Whetlier  for  tlie  apprentice  detemiiued  to  master  his  profession,  or  for  tlie  artisan  bent 

upon  raisuig  himself  to  a  liiglier  position,  this  clearly-written  ami  practical  treatise  will  be  a  great 

help." — Scotsman. 

DETAILS  OF  MACHINERY. 

Comprising  Instructions  for  the  Execution  of  various  Works  in  Iron  in  the 
Fitting  Shop,  Foundry,  and  Boiler  Yard.     By  Francis   Campin,  C.E. 

Crown  Svo,  cloth  3/0 

"A  sound  and  practical  handbook  for  all  engaged  in  the  engineering  U3.Affs,."— Building 
World. 

ENGINEERING  ESTIMATES,  COSTS,  AND  ACCOUNTS. 

A  Guide  to  Commercial  Engineering.  With  numerous  examples  of  Estimates 
and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam  Engines  and 
Steam  Boilers ;  and  a  Section  on  the  Preparation  of  Costs  Accounts.  By 
A  General  Manager.  Second  Edition.  Svo,  cloth  12/0 

"  This  Is  an  excellent  and  very  useful  book,  covering  subject-matter  in  constant  requisition  In 
every  factory  and  workshop.  .  .  .  The  book  is  invaluable,  not  only  to  the  young  engineer,  but 
also  to  the  estimate  department  of  every  works." — Builder. 

"  We  accord  the  work  unqualified  praise.  The  information  is  given  In  a  plain,  straightforward 
manner,  and  bears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 
every  phase  01  commercial  engineering."— jlf«rAaMt<ro/  IVorld. 

MECHANICAL  ENGINEERING. 

Comprising  Metallurgy,  Moulding,  Casting,  Forging,  Tools,  Workshop 
Machinery,  Mechanical  Manipulation,  Manufacture  of  the  Steam  Engine, 
&c.    By  Francis  Campin,  C.E.    Third  Edition.    Crown  Svo,  cloth  2/6 
"A  sound  and  serviceable  text-book,  quite  up  to  —Building  Ne-ius. 

LATHE-WORK. 

A  Practical  Treatise  on  the  Tools,  Appliances,  and  Processes  employed  in 
the  Art  of  Turning.    By  Paul  N.  Hasluck.     Eighth  Edition.  Crown  Svo, 

cloth  5/0 

"  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 

to  do  it,  and  how  to  convey  his  knowledge  to  others.    To  all  turners  this  book  would  be  valuable."— 

Engineeri7tg. 

"  We  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  It  will  simply  be 
invaluable.    To  the  student  it  will  convey  a  great  deal  of  useful  Information. '—^M^n^er. 

SCREW-THREADS, 

And  Methods  of  Producing  Them.    With  numerous  Tables  and  complete 
Directions  for  using  Screw-Cutting  Lathes.    By  Paul  N.  Hasluck,  Author 
of  "  Lathe-Work, "  &c.    Sixth  Edition.    Waistcoat-pocket  size      .  .1/6 
"  Full  of  useful  information,  hints  and  practical  criticism.    Taps,  dies,  and  screv/lng  tools 
generally  are  illustrated  and  their  action  described.  "—iT/ecAaKica/  World. 

"  It  is  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lathe  ;  In  fact,  a  jnullunt 
t  n  parvo  on  all  the  subjects  it  treats  upon.  "—Carpenter  and  Builder. 

CONDENSED  MECHANICS. 

A  Selection  of  Formulas,  Rules,  Tables,  and  Data  for  the  Use  of  Engineering 
Students,  &c.    By  W.  G.  C.  Hughes,  A.M.I. C.E.   Crown  Svo,  cloth  .  2/6 
"  The  book  is  well  fitted  for  those  who  are  preparing  for  examination  and  wish  to  refresh 
their  knowledge  by  gomg  through  thsir  formulae  A^&m." ~ Marine  Engineer. 
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MECHANICS  OF  AIR  MACHINERY. 

By  Dr.  J.  Weisbach  and  Prof.  G.  Herrmann.  Authorized  Translation 
with  an  Appendix  on  American  Practice  by  A.  Trowbridge,  Ph.B.,  Adjunct 
Profes.sor  of  Mechanical  Engineering,  Columbia  University.  Royal  Svo,  cloth. 

l/ust  Published.    Net  1  8/0 

PRACTICAL  MECHANISM, 

And  Machine  Tools.  By  T.  Baker,  C.E.  With  Remarks  on  Tools  and 
Machinery  by  J.  Nasmyth,  C.E.    Crown  Svo,  cloth     ....  2/6 

MECHANICS. 

Being  a  concise  Exposition  of  the  General  Principles  of  Mechanical  Science 
and  their  Applications.  By  C.  Tomlinson,  F.R.S.   Crown  Svo,  cloth  1/6 

FUELS:  SOLID,  LIQUID,  AND  GASEOUS. 

Their  Analysis  and  Valuation.    For  the  use  of  Chemists  and  Engineers.  By 
H.  J.  Phillips,  F.C.S.,  formerly  Analytical  and  Consulting  Chemist  to  the 
Great  Eastern  Railway.    Fourth  Edition.    Crown  Svo,  cloth     .       .  2/0 
"Ought  to  liave  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wher- 
ever fuel  is  used  on  a  large  scale." — Chemical  News. 

FUEL,  ITS  COMBUSTION  AND  ECONOMY. 

Consisting  of  an  Abridgment  of  "  A  Treatise  on  the  Combustion  of  Coal 
and  the  Prevention  of  Smoke."  By  C.  W.  Williams,  A. Inst. C.E.  With 
extensive  Additions  by  D.  Kinnear  Clark,  M.Inst. C.E.      Fourth  Edition. 

Crown  Svo,  cloth  3/6 

^  "  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satisfactory 
treatises  on  tlie  combustion  and  economy  of  fuel  to  be  had." — lijii^i)ieer, 

STEAM  AND  THE  STEAM  ENGINE, 

Stationary  and  Portable.  Being  an  Extension  of  the  Treatise  on  the 
Steam  Engine  of  Mr.  J.  Sewell.    By  D.  K.  Clark,  C.E.    Fourth  Edition. 

Crown  Svo,  cloth  3/6 

"  Every  eisential  part  of  the  subject  is  treated  of  competently,  and  in  a  popular  style." — Iron . 

PUMPS  AND  PUMPING. 

A  Handbook  for  Pump  Users.  Being  Notes  on  Selection,  Construction,  and 
Management.     By  M.  Powis  Bale,  M.Inst. C.E. ,  M.I.Mech.E.  Fourth 

Edition.    Crown  Svo,  cloth  3/6 

"  The  matter  is  set  forth  as  concisely  as  possible.  In  fact,  condensation  rather  tlran  diffuse- 
ness  has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  anything  likely  to 
be  of  use." — Journal  of  Gas  Li^hHng, 

"  Thoroughly  practical  and  clearly  written." — Glasgow  Herald. 

REFRIGERATION,  COLD  STORAGE,  &  ICE-MAKING: 

A  Practical  Treatise  on  the  Art  and  Science  of  Refrigeration.     By  A._  J, 
Wallis-Tayler,  a. M.Inst.C.E.,  Author  of '*  Refrigerating  and  Ice-Making 
Machinery."  600  pp.,  with  360  Illustrations.  Medium  Svo,  cloth.  Net  '\5I0 
*'The  author  has  to  be  congratulated  on  the  completion  and  production  of  such  an  impor- 
tant work  and  it  cannot  fail  to  have  a  large  bodj'  of  readers,  for  it  leaves  out  nothing  that  would  in 
any  way  be  of  value  to  those  interested  in  the  subject." — Stea^nship. 

"  No  one  whose  duty  it  is  to  handle  the  mammoth  preserving  installations  of  these  latter  days 
can  afford  to  be  without  this  valuable  book." — Glasgo-w  Herald, 

THE  POCKET  BOOK  OF  REFRIGERATION  AND  ICE- 

MAKINQ. 

By  A.  J.  Wallis-Tayler,  A. M.Inst. C.E.  Author  of  "  Refrigerating  and  Ice- 
making  Machinery,"  &c.  Third  Edition,  Enlarged.  Crown  Svo,  cloth  A^et  3IQ 

REFRIGERATING  &  ICE-MAKING  MACHINERY. 

A  Descriptive  Treatise  for  the  Use  of  Persons  Employing  Refrigerating 
and  Ice-Making  Installations,  and  others.  By  A.  J.  Wallis-Tayler, 
A.M. Inst. C.E.  Third  Edition,  Enlarged.  Crown  Svo,  cloth  .  .  7/6 
* 'Practical,  explicit,  and  profusely  illustrated." — Glasgow  Herald. 

"  We  recommend  the  book,  which  gives  the  cost  of  various  sj^stems  and  Illustrations  showing 
details  of  parts  of  machinery  and  general  arrangements  of  complete  installatioiK." — Builder. 

"  May  be  recommended  as  a  useful  description  of  the  machinery,  the  processes,  and  of  the 
facts,  figures,  and  tabulated  physics  of  refrigerating.  "—£k^'««>-. 
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BLAST  FURNACE  CALCULATIONS  AND  TABLES  FOR 
FURNACE  MANAGERS  AND  ENGINEERS. 

Containing  Rules  and  Formulas  for  Finding  the  Dimensions  and  Oi3tput 
Capacity  of  any  Furnace,  as  well  as  the  regular  Outfit  of  Stoves,  Heating 
Surface,  Volume  of  Air,  Tuyere  Area,  &c.,  per  ton  of  Iron  per  day  of  24 
hours.    By  John  L.  Stevenson.    F'cap.  8vo. 

[Nearly  1  eady.    Price  about  5/0  ^^i- 

MOTOR  VEHICLES  FOR  BUSINESS  PURPOSES. 

A  Practical  Handbook  for  those  interested  in  the  Transport  of  Passengers 
and  Goods.  By  A.  J.  Wallis-Tayler,  A.M. Inst. C.E.  With  134  Illustra- 
tions.   Demy  8vo,  cloth.  \]vst  Puhluhtd.    Net  9/0 

MOTOR  CARS  OR  F^OWER=CARRIAQES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Tayler,  A.  M.Inst.C.E.    212  pp.,  with  76  Illustrations. 

Crown  8vo,  cloth  4/S 

"A  work  that  an  engineer  thinking  of  turning  his  attention  to  motor-carriage  work,  would 
do  well  to  read  as  a  preliminary  to  starting  operations." — Ensineerin^. 

AERIAL  NAVIGATION. 

A  Practical  Handbook  on  the  Construction  of  Dirigible  Balloons,  Aerostats, 
Aeroplanes,  and  Aeromotors.  By  Frederick  Walker,  C.E.,  Associate 
Member  of  the  Aeronautic  Institute.  With  104  Illustrations.  Large  Crown 
8vo,  cloth  .       .       .  ■  Net  TjQ 

STONE-WORKING  MACHINERY. 

A  Manual  dealing  with  the  Rapid  and  Economical  Conversion  of  Stone.  With 
Hints  on  the  Arrangement  and  Management  of  Stone  Works.  By  M.  PowiS 
Bale,  M.Inst.C.E.,  M.I.Mech.E.    Second  Edition,  enlarged.    Crown  Svo, 

cloth  9/0 

"The  book  should  be  In  the  hands  of  every  mason  or  student  of  stonevioi\c.."— Colliery 
Gttardian, 

FIRES,   FIRE-ENGINES,  AND  FIRE  BRIGADES. 

With  a  History  of  Fire-Engines,  their  Construction,  Use,  and  Management ; 
Hints  on  Fire-Brigades,  &c.  By  C.  F.  T.  Young,  C.E.  Svo,  cloth,  £1  4s, 

CRANES, 

The  Construction  of,  and  other  Machinery  for  Raising  Heavy  Bodies  for  the 
Erection  of  Buildings,  &c.    By  J.  Glynn,  F.R.S.    Crown  Svo,  cloth  1/6 
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PIONEER  IRRIGATION. 

A  Manual  of  Information  for  Farmers  in  the  Colonies.  By  E.  O.  Maw.'^on, 
M.Inst.C.E.,  Executive  Engineer,  Public  Works  Department,  Bombay.  With 
Additional  Chapters  on  Light  Railways  by  E.  R.  Calthrop,  M.Inst.C.E., 
M.LM.E.    Illustrated  by  Numerous  Plates  and  Diagrams.    Demy  8vo,  cloth. 

Net  10/6 

Summary  of  Contents  :— Value  of  Irrigation,  and  Sources  of  water 
Supply.— Dams  and  weirs.— Canals.— Underground  Water.— Methods  of  irri- 
G.\TioN.— Sewage  Irrigation.— impf.rial  Automatic  Sluice  Gates.— The  Culti- 
vation of  Irrigated  Crops,  Vegetables,  and  Fruit  Trees.— Light  Railways 
for  Heavy  Traffic— Useful  memoranda  and  Data.  '  ' 

THE  RECLAMATION  OF  LAND  FROM  TIDAL  WATERS. 

A  Handbook  for  Engineers,  Landed  Proprietors,  and  others  interested  in  Works 
of  Reclamation.    By  A.  Beazelky,  M.Inst.C.E.     Svo,  cloth.    Net  10/6 
"  The  book  shows  in  a  concise  way  what  has  to  be  done  in  reclaiming  land  from  the  sea,  and 
th§  best  way  of  doing  it.   The  work  contains  a  great  deal  of  practical  and  useful  information  which 
cannot  fail  to  be  of  service  to  engineers  entrusted  with  the  enclosure  of  salt  marshes,  and  to  land- 
owners intending  to  reclaim  land  from  the  sea." — The  Engineer. 
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THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

A  Practical  Treatise  for  the  Use  of  Engineers  and  Students  of  Engineering. 
By  W.  K.  Burton,  A.M. Inst. C.E.,  Consulting  Engineer  to  the  Tokyo 
Water-works.  Second  Edition.  Revised  and  Extended.  With  numerous 
Plates  and  Illustrations.    Super-royal  8vo,  buckram  25/0 

I.  Introductory.  —  II.  Diffkrhnt  Qualities  of  Water.  —  ill.  Quantity  of 
Water  to  be  Provided.— IV.  On  Ascertaining  whether  a  Proposed  source  of 
Supply  is  suFPicffiNT.  —  v.  on  estimating  the  Storage  capacity  required 
TO  be  Provided.— VI.  Classification  of  water-works.— VII.  impounding  reser- 
voirs.—VIII.  Earthwork  Dams.— IX.  Masonry  Dams.— X.  The  Purification  op 
Water.— XI.  Settling  Reservoirs.— XII.  Sand  Filtration.— xiii.  Purification 
of  Water  by  Action  of  Iron,  Softening  of  water  by  action  of  Lime,  Natural 
Filtration.— XIV.  Service  or  Clean  water  Reservoirs— Water  towers— stand 
Pipes.— XV.  The  Connection  of  Settling  Reservoirs,  Filter  beds  and  Service 
Reservoirs.— XVI.  Pumping  Machinery.— XVII.  Flow  of  Water  in  conduits- 
Pipes  and  Open  Channels.— XVIII.  Distribution  Systems.— XIX.  Special  Pro- 
visions FOR  the  Extinction  of  Fire.— XX.  Pipes  for  Water-works.— xxi.  pre- 
vention of  Waste  of  Water.— XXII.  Various  Appliances  used  in  Connection 
with  Water-works. 

Appendix  I.  By  Prof.  JOHN  MILNE,  F.R.S.— Considerations  concerning  the 
Probable  Effects  of  Earthquakes  on  Water-works,  and  the  Special  Pre. 
cautions  to  be  taken  in  Earthquake  Countries. 

Appendix  II.  By  JOHN  DE  RIJKE,  C.E.— ON  Sand  Dunes  and  Dune  Sand  as 
A  Source  of  Water  Supply. 

"  The  chapter  upon  filtration  of  water  is  very  complete,  and  the  details  of  construction  well 
illustrated.  .  .  .  The  work  should  be  specially  valuable  to  civil  engineers  engaged  in  work  in 
Japan,  but  the  interest  is  by  no  means  contined  to  that  locality." — Engineer. 

"  We  congratulate  the  author  upon  the  practical  commonsense  shown  in  the  preparation  of 
this  work.  .  .  .  The  plates  and  diagrams  have  evidently  been  prepared  with  great  care,  and 
cannot  fail  to  be  of  great  assistance  to  the  student." — Suildet. 

THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  Humber,  A.M.Inst. C.E.,  and  M.Inst.M.E.,  Author  of  "Cast 
and  Wrought  Iron  Bridge  Construction,"  &c.,  &c.  Illustrated  with  50  Double 
Plates,  I  Single  Plate,  Coloured  Frontispiece,  and  upwards  of  250  Woodcuts, 
and  containing  400  pp.  of  Text.     Imp.  4to,  elegantly   and  substantially 

half-bound  in  morocco  Nei  £6  6s. 

List  of  Contents  :— i.  Historical  Sketch  of  some  of  the  means  that  have 
been  adopted  for  the  Supply  of  water  to  Cities  and  Towns.— II.  water  and 
the  Foreign  Matter  usually  associated  with  it.— III.  Rainfall  and  Evapora- 
tion.—iv.  Springs  and  the  Water-bearing  Formations  of  various  Districts. 
—V.  Measurement  and  Estimation  of  the  Flow  of  water.— VI.  On  the  Selection 
of  the  Source  op  Supply.— VII.  wells.— VIII.  reservoirs.— IX.  The  Purification 
of  Water.— X.  pumps.— XI.  pumping  Machinery.— XII.  Conduits.— XIII.  Distribu- 
tion OF  WATER.— XIV.  Meters,  Service  Pipes,  and  house  Fittings.— XV.  the  Law 
and  Economy  of  water-works.— XVI.  Constant  and  intermittent  Supply.— 
XVII.  Description  of  plates.— Appendices,  giving  Tables  of  Rates  of  Supply, 
Velocities,  &c.,  &c.,  together  with  Specifications  of  several  Works  illus- 
trated,   AMONG    which  will   BE   FOUND  :    ABERDEEN,   BiDEFORD,  CANTERBURY, 

Dundee,  Halifax,  Lameeth,  rotherham,  Dublin,  and  others. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  or 
in  any  other  language.  Mr.  Humber's  work  is  characterised  almost  throughout  by  an 
exhaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
— Engineer, 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  small  Country  Districts.  By  Allan  Greenwell,  A.M. Inst. C.E., 
and  W.  T.  Curry,  A.M.  Inst. C.E.,  F.G.S.  With  Illustrations.  Second  Edition, 

Revised.    Crown  8vo,  cloth  5/0 

We  conscientiously  recommend  it  as  a  very  useful  book  for  those  concerned  in  obtaining 

water  for  small  districts,  giving  a  great  deal  of  practical  information  In  a  small  compsss."— Builder. 
"  The  volume  contains  valuable  information  upon  all  matters  connected  with  water  supply. 

.   .    .    It  is  full  of  details  on  points  which  are  continually  before  water-works  engineers."— iVaf«»-<. 

WATER  ENQINEERINQ. 

A  Practical  Treatise  on  the  Measurement,  Storage,  Conveyance,  and  Utilisa- 
tion of  Water  for  the  Supply  of  Towns,  for  Mill  Power,  and  for  other  Purposes. 
By  Charles  Slagg,  A.M. Inst.  C.E.  Second  Edition.  Crown  8vo,  cloth  .  7/6 
'*  As  a  small  practical  treatise  on  the  wa»'ftr  supply  of  towns,  and  on  some  applications  of  water- 
power,  the  work  Is  In  matiy  respects  excellent." — Ejiginecriti^. 
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WATER  WORKS,  FOR  THE  SUPPLY  OF  CITIES  AND 

T0WN5, 

With  a  Description  of  the  Principal  Geological  Formations  of  England  as 
influencing  Supplies  of  Water.  By  Samuel  Hughes.  Crown  8vo,  cloth  4/0 
"  Everyone  who  is  debating  how  his  village,  town,  or  city  shall  be  plentifully  supplied  with 
pure  water  should  read  this  book."— Nmcast/e  Courant. 

POWER  OF  WATER. 

As  applied  to  drive  Flour  Mills,  and  to  give  motion  to  Turbines,  and  other 
Hydrostatic  Engines.  By  Joseph  Glynn,  F.R.S.,  &c.  New  Edition. 
Illustrated.    Crown  8vo,  cloth  2/0 

WELLS  AND  WELL=SINKINQ. 

By  J.  G.  Swindell,  A. R.I. B. A.,  and  G.  R.  Burnell,  C.E.  Revised 

Edition.    Crown  8vo,  cloth  2/0 

"  Solid  practical  information,  written  in  a  concise  and  lucid  style.  The  work  can  be  recom- 
mended as  a  text-book  for  all  surveyors,  architects,  &c."— and  Coal  Trades  Revieiu. 

HYDRAULIC  POWER  ENGINEERING. 

A  Practical  Manual  on  the  Concentration  and  Tran.smission  of  Power  by 
Hydraulic  Machinery.  By  G.  Croydon  Marks,  A.M. Inst.C.E.  Second 
Edition,  Enlarged,  with  about  240  Iliustrations.    8vo,  cloth. 

\]Mit  Published.  Net  1  0/6 
Summary  of  contents  :— principles  of  hydraulics.— the  flow  of  water.— 
Hydraulic  Pressures.— Material.— Test  Load.— Packings  for  Sliding  Surfaces. 
—Pipe  joints.— Controlling  Valves.— Platform  lifts.— Workshop  and  Foundry 
Cranes —Warehouse  and  Dock  cranes.— Hydraulic  Accumulators.— Presses 
for  Baling  and  otherPurposes.— Sheet  metal  working  and  Forging  Machinery. 
—Hydraulic  riveters.— Hand  and  Power  Pumps.— Steam  Pumps.— Turbines.— 
Impulse  Turbines  —Reaction  turbines.— Design  of  Turbines  in  Detail.— Water 
wheels.— Hydraulic  engines.— Recent  Achievements.— Pressure  of  Water.— 
action  of  Pumps,  &c. 

"  We  have  nothing  but  praise  or  this  thoroughly  valuable  work.  The  author  has  succeeded 
In  rendeting  his  subject  interesting  as  well  as  instructive."— Pracrtca/  Engineer. 

"Can  be  unhesitatingly  recommended  as  a  useful  and  up-to-date  manual  on  hydraulic  trans- 
mission and  utilisation  o{  pov/et."— Mechanical  IVorld. 

HYDRAULIC  MANUAL. 

Consi-sting  of  Working  Tables  and  Explanatory  Text.  Intended  as  a  Guide  in 
Hydraulic  Calculations  and  Field  Operations.  By  Lowis  D'A.  Jackson, 
Author  of  "Aid  to  Survey  Practice,"  "Modern  Metrology,"  &c.  Fourth 

Edition,  Enlarged.    Large  crown  8vo,  cloth  16/0 

"The  author  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide 
to  this  branch  of  the  engineer's  profession."— £nf^««<n«^-. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  &  FORMULA. 

For  Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and 
Rivers.  With  New  Formulae,  Tables,  and  General  Information  on  Rain-fall, 
Catchment-Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill 
Power.  By  John  Neville,  C.E.,  M.R.I. A.  Third  Edition,  revised,  with 
additions.  Numerous  Illustrations.  Crown  8vo,  cloth  ...  1 4/0 
"  It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness."— .^rcAitert. 

MASONRY  DAMS  FROM  INCEPTION  To  COMPLETION. 

Including  numerous  Formulae,  Forms  of  Specification  and  Tender,  Pocket 
Diagram  of  Forces,  &c.    For  the  use  of  Civil  and  Mining  Engineers.  By 

C.  F.  Courtney,  M. Inst.C.E.    8vo,  cloth  9/0 

"  Contains  a  good  deal  of  valuable  data.  Many  useful  suggestions  will  be  found  in  the 
remarks  on  site  and  position,  location  of  dam,  foundations  and  construction."— 5KiV<j;i«£-  News. 

RIVER  BARS. 

The  Causes  of  their  Formation,  and  their  Treatment  by  "  Induced  Tidal 
Scour  "  ;  with  a  Description  of  the  Successful  Reduction  by  this  Method  of 
the  Bar  at  Dublin.    By  I.  J.  Mann,  Assist.  Eng.  to  the  Dublin  Pott  and  Docks 

Board.    Royal  8vo,  cloth  7/6 

"  We  recommend  all  interested  in  harbour  works— and.  Indeed,  those  concerned  In  the 
improvements  or  rivers  generally— to  read  Mr.  Mann's  interesting  vioi\ii."— Engineer. 

DRAINAGE  OF  LANDS,  TOWNS  AND  BUILDINGS. 

By  G.  D.  Dempsey,  C.E.  Revised,  with  large  Additions  on  Recent  Practice 
in  Drainage  Engineering  by  D.  Kinnear  Clark,  M.Inst. C.E.  Fourth 
Edition.    Crown  8vo,  cloth  4/6 
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SURVEYING  AS  PRACTISED  BY  CIVIL  ENGINEERS 

AND  5URVEY0R5. 

Including  the  Setting-out  of  Works  forCJonstruction  and  Surveys  Abroad,  with 
many  Examples  taken  from  Actual  Practice.  A  Handbook  for  use  in  the  Field 
and  the  Office,  intended  also  as  a  Text-book  for  Students.  By  John  White- 
law,  Jun.,  A.M. Inst. C.E.,  Author  of  "  Points  and  Crossings."     With  about 

260  Illustrations.    Demy  8vo,  cloth  Net  1 0/6 

"This  work  is  written  with  admirable  lucidity,  and  will  certainly  be  found  of  distinct  value 
both  to  students  and  to  those  engaged  in  actual  practice." — Tfie  Builder. 

PRACTICAL  SURVEYING. 

A  Text-Book  for  Students  preparing  for  Examinations  or  for  Survey-work  in 
the  Colonies.  By  George  W.  Usill,  A.M.Inst.C.E.  Eighth  Edition, 
thoroughly  Revised  and  Enlarged,  by  Alex  Beazeley,  M.Inst.C.P]. 
With  4  Lithographic  Plates  and  360  Illustrations.  Large  crown  8vo,  7/6 
cloth;  or,  on  Thin  Paper,  leather,  gilt  edges,  rounded  corners,  for  pocket  use. 

12/8 

"  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes 
of  employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in 
his  experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 
In  his  inexperience  will  find  most  serviceable." — Engineer. 

"The  first  book  which  should  be  put  in  the  hands  of  a  pupil  of  Civil  Engineering,"— 
Architect. 

SURVEYING  WITH  THE  TACHEOMETER. 

A  practical  Manual  for  the  use  of  Civil  and  Military  Engineers  and  Surveyors, 
including  two  series  of  Tables  specially  computed  for  the  Reduction  of 
Readings  in  Sexagesimal  and  in  Centesimal  Degrees.  By  Neil  Kennedy, 
M.Inst.C.E.  With  Diagrams  and  Plates.    Second  Edition.    Demy  8vo,  cloth 

Net  10/6 

"The  work  is  very  clearly  written,  and  should  remove  all  difficulties  in  the  way  of  any  surveyor 
desirous  of  making  use  of  this  useful  and  rapid  instrument."— A'a.'wj-c. 

LAND  AND  ENGINEERING  SURVEYING. 

For  Students  and  Practical  Use.  By  T.  Baker,  C.E.  Twentieth  Edition, 
by  F.  E.  Dixon,  A.M.Inst.C.E.  With  Plates  and  Diagrams.  Crown  8vo, 
cloth  ,  2/0 

AID  TO  SURVEY  PRACTICE. 

For  Reference  in  Surveying,  Levelling,  and  Setting-out;  and  in  Route  Sur- 
veys of  Travellers  by  Land  and  Sea.  With  Tables,  Illustrations,  and  Records. 
By  L.  D'A.  Jackson,  A.M.Inst.C.E.  Second  Edition.  8vo,  cloth  .  12/6 
"  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.    We  can  recommend 

this  book  as  containing-  an  admirable  supplement  to  the  teaching  of  the  accomplished  surveyor."— 

A  thcnaum. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  erpftrience  which, 
aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one."— Builder. 

LAND  AND  MARINE  SURVEYING. 

In  Reference  to  the  Preparation  of  Plans  for  Roads  and  Railways  ;  Canals, 
Rivers,  Towns'  Water  Supplies ;  Docks  and  Harbours.  With  Description 
antl  Use  of  Surveying  Instruments.  By  W.  Davis  Haskoll,  C.E.  Second 
Edition,  Revised  with  Additions.  Large  crown  8vo,  cloth  .  .  .  9/0 
"This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  recom- 
mending It,  feeling  assured  tliat  it  will  more  than  repay  a  careful  study."— Mechanical  World. 

"  A  most  useful  book  for  the  student.  We  can  strongly  recommend  it  as  a  carefully -written 
and  valuable  text-book.    It  enjoys  a  well-deserved  repute  among  surveyors."— .SwiMsr. 

ENGINEER'S  &  MINING  SURVEYOR'S  FIELD  BOOK. 

Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of  Systems,  and 
use  of  Theodolite  for  Traver.se  Surveying  and  plotting  the  work  with  minute 
accuracy  by  means  of  Straight  Edge  and  Set  Squaie  only  ;  Levelling  with  the 
Theodolite,  Salting-out  Curves  with  and  without  the  Theodolite,  Earthwork 
Tables,  &c.    By  W.  Davis  Haskoll,  C.E.    With  numerous  Woodcuts. 

Fif'h  Edition,  Enlarged.    Crov/n  8vo,  cloth  1  2/0 

"  The  book  is  very  handy  ;  the  separate  tables  of  sines  and  tani;ents  to  every  minute  will  make 
it  useful  for  many  other  purposes,  the  gunuuie  traverse  tibles  existing  all  the  s^mc." —Athenaum. 
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AN   OUTLINE  OF  THE   METHOD  OF  CONDUCTING 

A  TRIGONOMETRICAL  SURVEY. 

For  the  Formation  of  Geographical  and  Topographical  Maps  and  Plans,  Mili- 
tary Reconnaissance,  LEVELLING,  &c.,  with  Useful  Problems,  Formulae, 
and  Tables.    By  Lieut. -General  Frome,  R.E.    Fourth  Edition,  Revised  and 
partly  Re-written  by  Major-General  Sir  Charles  Warren,  G.C.M.G.,  R.E. 
With  19  Plates  and  115  Woodcuts,  royal  8vo,  cloth      .       .       .  .16/0 
"  No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained 
by  this  work.    Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were 
necessary  to  bring  every  portion  of  the  contents  up  to  the  present  date." — Broad  Arrow, 

PRINCIPLES  AND  PRACTICE  OF  LEVELLING. 

Showing  its  Application  to  Purposes  of  Railway  and  Civil  Engineering  in 
the  Construction  of  Roads  ;  with  Mr.  Telford's  Rules  for  the  same.  By 
Frederick  W.  Simms,  M.Inst.C.E.  Eighth  Edition,  with  Law's  Practical 
Examples  for  Setting-out  Railway  Curves,  and  Trautwine's  Field  Practice 
of  Laying-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts. 
8vo  8/6 

"  The  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges." — Engineer. 

"The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the 
younger  members,  by  bringing  out  the  present  edition  of  Mr.  Simnis's  useful  work." — Engineering . 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES. 

For  Setting-out  Curves  from  5  to  200  Radius.  By  A.  Beazeley,  M.Inst.C.E. 
7th  Edition,  Revised.  With  an  Appendix  on  the  use  of  the  Tables  for 
Measuring  up  Curves;  Printed  on  50  Cards,  and  sold  in  a  cloth  box,  waistcoat- 
pocket  size  3/6 

"  Each  table  is  printed  on  a  small  card,  which,  placed  on  the  theodolite,  leaves  the  hands  frc  e 
to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity  of  work." — Engineer. 

"  Very  handy  :  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  which 
he  puts  into  his  own  card-case,  and  leaves  the  rest  hehind."— A thenaum. 

PIONEER  ENGINEERING. 

A  treatise  on  the  Engineering  Operations  connected  with  the  Settlement  of 
Waste  Lands  in  New  Countries.     By  E.  Dobson,  M.Inst.C.E.  Second 

Edition.    Crown  8vo,  cloth  4/6 

"  Mr.  Dobson  is  familiar  with  the  difficulties  which  have  to  be  overcome  in  tliis  class  of  work, 

and  much  of  his  advice  will  be  valuable  to  young  engineers  proceeding  to  our  colonies.  " — 

Eu^zfieerin^': 

TUNNELLING. 

A  Practical  Treatise.  By  Charles  Prehni,  C.E,  With  additions  by 
Charles  S.  Hill,  C.E.  With  150  Diagrams  and  Illustrations.  Royal  8vo, 
cloth  Net  ■[  6/0 

PRACTICAL  TUNNELLING. 

Explaining  in  detail  Setting-out  the  Works,  Shaft-sinking,  and  Heading-driving, 
Ranging  the  Lines  and  Levelling  underground,  Sub-Excavating,  Timbering 
and  the  Construction  of  the  Brickwork  of  Tunnels.     By   F.  W.  Simms, 
M.Inst.C.E.     Fourth  Edition,  Revised  and  Further  Extended,  including  the 
most  recent  (1895)  Examples  of  Sub-aqueous  and  other  Tunnels,  by  D.  Kinnear 
Clark,  M.Inst.C.E.    With  34  Folding  Plates,   Imperial  8vo,  cloth  £2  2s. 
"The  present  (1896)  edition  has  been  brought  right  up  to  date,  and  is  a  work  to  which  civil 
engineers  should  have  ready  access,  and  engineers  who  have  construction  work  can  hardly  afford 
to  be  without,  but  whicli  to  the  younger  members  of  the  profession  is  invaluable,  as  from  its  pages 
they  can  learn  the  state  to  which  the  science  of  tunnelling  has  attained." — Railiuay  News. 

EARTH  AND  ROCK  EXCAVATION. 

A  Practical  Treatise,  by  Charles  Prelini,  C.E.  365  pp.,  with  Tables, 
many  Diagrams  and  Engravings.    Royal  8vo,  cloth. 

ljust  Published.    Net  1  6/0 

CONSTRUCTION  OF  ROADS  AND  STREETS. 

By  H.  Law,  C.E.,  and  D.  K.  Clark,  C.E.  Sixth  Edition,  revised,  with 
Additional  Chapters  by  A.  J.  Wallis-Tayler,  A. M.Inst. C.E.    Crown  8vo, 

cloth    .       .       .       ."  6/0 

"  A  book  tvliidi  every  borough  surveyor  and  engineer  must  possess,  and  which  will  be  of 
considRr;ii)le  sfjrvice  to  arciiitects,  builders  and  property  owners  ^cncx-6.\\y."—£uiickng-  Ne7us. 
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TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING. 

Embracing  a  Comprehensive  History  of  the  System ;  with  an  exhaustive 
Analysis  of  the  Various  Modes  of  Traction,  including  Horse  Power,  Steam, 
Cable  Traction,  Electric  Traction,  &c.  ;  a  Description  of  the  Varieties  of 
Rolling  Stock;  and  ample  Details  of  Cost  and  Working  Expenses.  New 
Edition,  Thoroughlj:  Revised,  and  Including  the  Progress  recently  made  in 
Tramway  Construction,  &c.,  &c.     By  D.  Kinnear  Clark,  M.Inst.C.E. 

With  400  Illustrations.    8vo,  780  pp.,  buckram  28/0 

"  The  new  volume  is  one  which  will  rank,  among  tramway  engineers  and  those  interested  in 
tramway  working,  with  the  Author's  world-famed  book  on  railway  machinery."— Engineer. 

HANDY  GENERAL  EARTH-WOJRK  TABLES. 

Giving  the  Contents  in  Cubic  Yards  of  Centre  and  Slopes  of  Cuttings  and 
Embankments  from  3  inches  to  80  feet  in  Depth  or  Height,  for  use  with  either 
66  feet  Chain  or  100  feet  Chain.  By  J.  H.  Watson  Buck,  M.Inst.C.E. 
On  a  Sheet  mounted  in  cloth  case  3/6 

EARTHWORK  TABLES. 

Showing  the  Contents  in  Cubic  Yards  of  Embankments,  Cuttings,  &c.,  of 
Heights  or  Depths  up  to  an  average  of  80  feet.    By  Joseph  Broadbknt,  C.E., 

and  Francis  Campin,  C.E.    Crown  Svo,  cloth  6/0 

"  The  way  in  which  accuracy  is  attained,  by  a  simple  division  of  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  ingenious." — Athenaum, 

A  MANUAL  ON  EARTHWORK. 

By  Alex.  J.  Graham,  C.E.  With  numerous  Diagrams.  Second  Edition. 
i8mo,  cloth  2/6 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS. 

A  Practical  and  Theoretical  Essay.     By  J.  H.  Watson  Buck,  M.Inst.C.E., 
Resident  Engineer,  L.  and  N.  W.  R.    With  Folding  Plates,  Svo,  cloth  1  2/0 
"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observa- 
tions on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates 
will  be  found  of  considerable  use.    We  commend  the  book  to  the  engineering  profession."— 
Building  News. 

"  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value  and  calculated  to  save  much 
time  and  obviate  many  mistakes." — Colliery  Guardian, 

ESSAY  ON  OBLIQUE  BRIDGES 

(Practical  and  Theoretical).  With  13  large  Plates.  By  the  late  George 
Watson  Buck,  M.Inst.C.E.  Fourth  Edition,  revised  by  his  Son,  J.  H. 
Watson  Buck,  M.Inst.C.E.  ;  and  with  the  addition  of  Description  to 
Diagrams  for  Facilitating  the  Construction  of  Oblique  Bridges,  by  W.  H. 

Barlow,  M.Inst.C.E.  Royal  Svo,  cloth  ■\  2/0 

"The  standard  text-book  for  all  engineers  regarding  skew  arches  Is  Mr.  Buck's  treatise 
and  It  would  be  impossible  to  consult  a  hettet."— Engineer.  ' 

"  Mr.  Buck's  treatise  is  recog-nised  as  a  stancfard  text-book,  and  his  treatment  has  divested 
the  subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and 
architect,  on  a  confessedly  difficult  subject,  Mr.  Buck's  work  is  unsurpassed."— £«»/rf«n^  News. 

CAST  &  WROUGHT  IRON    BRIDGE  CONSTRUCTION 

(A  Complete  and  Practical  Treatise  on),  including  Iron  Foundations.  In 
Three  Parts.— Theoretical,  Practical,  and  Descriptive.    By  William  Homber 
A.M.Inst.C.E.,  and  M.Inst.M.E.    Third  Edition,  revised  and  much  im- 
proved, with  115  Double  Plates  (20  of  which  now  first  appear  in  this  edition 
and  numerous  Additions  to  the  Text.    In  2  vols.,  imp.  410,  half-bound  in 

 £6  1 68.  60. 

'•  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  In  addition  to 
elevations,  plans,  and  sections,  large  scale  details  are  given,  which  very  much  enhance  the 
mstructive  worth  of  those  '\\\ustts.tion&."— Civil  Eng-tneer  and  Architect" s  yournal. 

"Mr.  Humber's  stately  volumes,  lately  issued— in  which  the  most  important  bridges 
erected  during  the  last  five  years,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubitt 
Mr.  Hawkshaw,  Mr.  Page,  Mr.  Fowler,  Mr.  Hemans,  and  others  among  our  most  eminent 
engineers,  are  drawn  smd  specified  in  great  i&aHL" —Engineer 
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IRON  BRIDGES  OF  MODERATE  SPAN: 

Their  Construction  and  Erection.  By  H.  W.  Pendred.  With  40  illustra- 
tions.   Crown  8vo,  cloth  .  2/0 

"  Studentb  and  engineers  should  obtain  this  book  for  constant  and  practical  u5e."—Coitie!y 
Gi\ardia>i. 

IRON  AND  STEEL  BRIDGES  AND  VIADUCTS. 

A  Practical  Treatise  upon  their  Construction.  For  the  use  of  Engineers, 
Draughtsmen,  and  Students.  By  Francis  Campin,  C.E.  Crown  8vo, 
cloth  3/6 

TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES, 

Describing  the  Britannia  and  Conway  Tubular  Bridges.  With  a  Sketch  of 
Iron  Bridges,  &c.    By  G.  D.  Dempsey,  C.E.    Crown  8vo,  cloth     .  2/0 

GRAPHIC  AND  ANALYTIC  STATICS. 

In  their  Practical  Application  to  the  Treatment  of  Stresses  in  Roofs,  Solid 
Girders,  Lattice,  Bowstring,  and  Suspension  Bridges,  Braced  Iron  Arches  and 
Piers,  and  other  Frameworks.  By  R.  Hudson  Graham,  C.E.  Containing 
Diagrams  and  Plates  to  Scale.  With  numerous  Examples,  many  taken  from 
existing  Structures.  Specially  arranged  for  Class-work  in  Colleges  and 
Universities.  Second  Edition,  Revised  and  Enlarged.  8vo,  cloth  .  1 6/0 
"  Mr.  Graham  s  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or 
studied." — En^inttr . 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  has  evidently  been  prepaied 
with  much  care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  oJ 
well-selected  examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman.  "—.,4 

WEIGHTS  OF  WROUGHT  IRON  &  STEEL  GIRDERS. 

A  Graphic  Table  for  Facilitating  the  Computation  of  the  Weights  of  Wrought 
Iron  and  Steel  Girders,  &c.,  for  Parliamentary  and  other  Estimates.  By 
J.  H.  Watson  Buck,  M.Inst.C.E.    On  a  Sheet  2/6 

GEOMETRY  FOR  TECHNICAL  STUDENTS. 

An  Introduction  to  Pure  and  Applied  Geometry  and  the  Mensuration  of 
Surfaces  and  Solids,  including  Problems  in  Plane  Geometry  useful  in  Drawing. 
By  E.  H.  Sprague,  A. M.Inst. C.E.    Crown  8vo,  cloth.  .      ,       .    Ntt\  lQ 

PRACTICAL  GEOMETRY. 

For  the  Architect,  Engineer,  and  Mechanic.  Giving  Rules  for  the  Delineation 
and  Application  of  various  Geometrical  Lines,  Figures,  and  Curves.  By 

E.  W.  Tarn,  M.A.,  Architect.    8vo,  cloth  g/0 

"  No  book  with  the  same  objects  in  view  has  ever  been  published  In  which  the  clearness  of 
the  rules  laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory." — Scotsman. 

THE  GEOMETRY  OF  COMPASSES. 

Or,  Problems  Resolved  by  the  mere  Description  of  Circles  and  the  Use  of 
Coloured  Diagrams  and  Symbols.  By  Oliver  Byrne.  Coloured  Plates. 
Crown  8vo,  cloth  3/6 

MENSURATION  AND  MEASURING. 

With  the  Mensuration  and  Levelling  of  Land  for  the  purposes  of  Modern 
Engineering.  By  T.  Baker,  C.E.  New  Edition  by  E.  Nugent,  C.E. 
Crown  8vo,  cloth  -j  /6 

HANDY  BOOK  FOR  THE  CALCULATION  OP  STRAINS 

In  Girders  and  Similar  Structures  and  their  Strength.  Consisting  of  Formulae 
and  Corresponding  Diagrams,  with  numerous  details  for  Practical  Applica- 
tion, &c.  By  William  Humber,  A.  M.Inst.C.E.,  &c.  Sixth  Edition. 
Crown  8vo,  with  nearly  loo  Woodcuts  and  3  Plates,  cloth  .  .  .  7/6 
II  The  formulae  are  neatly  expressed,  and  the  diagrams  good."— A ihettaum. 
We  heartily  commend  this  really  handy  book  to  our  engineer  and  architcsct  readers."— 
English  Mechanic. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK. 

With  Practical  Remarks  on  Iron  Constructicn.  By  F.  W  Sheildj, 
M.Inst.C.E.    8vo,  cloth  5/Q 
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CONSTRUCTIONAL  IRON  AND  STEEL  WORK, 

As  applied  to  Public,  Private,  and  Domestic  Buildings.    By  Francis 

Campin,  C.E.    Crown  8vo,  cloth  3/6 

"  This  practical  book  may  be  counted  a  most  valuable  wor'k."— British  Architect. 

MATERIALS  AND  CONSTRUCTION. 

A  Theoretical  and  Practical  Treatise  on  the  Strains,  Designing,  and  Erection 
of  Works  of  Construction.    By  Francis  Campin,  C.E.    Third  Edition. 

Crown  8vo,  dloth  3/0 

"  No  better  exposition  of  the  practical  application  of  the  principles  of  construction  has  yet 
been  published  to  our  knowledge  in  such  a  cheap  comprehensive  loxm."— Building  News. 

EXPERIMENTS  ON  THE  FLEXURE  OF  BEAMS. 

Resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling.  By  Albert 
E.  Guy.    Medium  8vo,  cloth  9/0 

TRUSSES  OF  WOOD  AND  IRON. 

Practical  Applications  of  Science  in  Determining  the  Stresses,  Breaking 
Weights,  Safe  Loads,  Scantlings,  and  Details  of  Construction.  With  Complete 
Working  Drawings.    By  W.  Griffiths,  Surveyor.    Oblong  8vo,  cloth  4/6 

"This  handy  little  book  enters  so  minutely  Into  every  detail  connected  with  the  con- 
stfucHon  of  roof  trusses  that  no  student  need  be  ignorant  of  these  maxtets."— Practical  Engineer. 

CONSTRUCTION  OF  ROOFS,  OF  WOOD  AND  IRON: 

Deduced  chiefly  from  the  Works  of  Robison,  Tredgold,  and  Humber.  By 
E.  W.  Tarn,  M.A.,  Architect.    Fourth  Edition.    Crown  8vo,  cloth  .    1  /6 
"Mr  Tarn  is  so  thoroughly  master  of  his  subject,  that  although  the  treatise  was  founded  on 
the  works  of  others  he  has  given  it  a  distinct  value  of  his  own.   It  will  be  found  valuable  by  all 
sXwAenXs,."— Builder. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS. 

With  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  new  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.  ;  to  which 
are  added.  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ;  and 
Formate  for  calculating  Girders,  &c.  Edited  by  Wm.  Humber,  A.M.Inst.C.E. 
Svo,  400  pp.,  with  19  Plates  and  numerous  Woodcuts,  cloth  .  .  .  18/0 
"  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner.  It  will  always  rank 
n  future  as  it  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject.  —Engineer. 

EXPANSION  OF  STRUCTURES  BY  HEAT. 

By  John  Keilv,  C.E.,  late  of  the  Indian  Public  Works  Department.  Crown 

Svo,  cloth  3/6 

"  The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic  and 
other  structures,  is  a  laudable  one,  for  this  Is  a  branch  of  physics  upon  which  the  engineer  or 
architect  can  find  hut  little  reliable  and  comprehensive  data  In  books." — Builder. 

CIVIL  ENGINEERING. 

By  Henry  Law,  M.Inst. C.E.  Including  a  Treatise  on  Hydraulic  Engi- 
neering by  G.  R.  Burnell,  M.Inst. C.E.  Seventh  Edition,  revised,  with 
Large  Additions  on  Recent  Practice  by  D.  Kinnear  Clark,  M.Inst. C.E. 

Crown  8vo,  cloth  6/6 

"  An  admirable  volume,  which  we  warmly  recommend  to  young  engineers."— 

THE  PROGRESS  OF  ENGINEERING  (1863-6). 

By  Wm.  Humber,  A.M.Inst.C.E.  Complete  in  Four  Vols.  Containing  148 
Double  Plates,  with  Portraits  and  Copious  Descriptive  Letterpress.  Impl.  410, 
half-morocco.  Price,  complete,  £1  2  1  2s.  or  each  Volume  sold  separately 
at  £3  3s.  per  Volume.    Descriptive  List  0/ Contents  on  application. 

GAS  WORKS, 

Their  Construction  and  Arrangement,  and  the  Manufacture  and  Distribution 
of  Coal  Gas.  By  S.  Hughes,  C.E.  Ninth  Edition.  Revised,  with 
Notices  of  Recent  Improvements  by  Henry  O'Connor,  A.M.Inst.C.E. 

Crown  Svo,  cloth  6/- 

"  Will  be  of  infinite  service  alike  to  nnnuf.icturers,  distributors,  and  consumers."— /="<i«OTa« 
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PNEUMATICS, 

Including  Acoustics  and  the  Phenomena  of  Wind  Currents,  for  the  use  of 
Beginners.    By  Charles  Tomlinson,  F.R.S.    Crown  8vo,  cloth    .  1/6 

FOUNDATIONS  AND  CONCRETE  WORKS. 

With  Practical  Remarks  on  Footings,  Planking,  Sand,  Concrete,  Beton, 
Pile-driving,  Caissons,  and  Cofferdams.    ByE.  Dobson.    Crown  8vo.  1/6 

BLASTING  AND  QUARRYING  OF  STONE, 

For  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Bridges.   By  Gen.  Sir  J.  Burgoyne,  K.C.B.    Crown  8vo,  cloth  .      ,  1/6 

SAFE  RAILWAY  WORKING. 

A  Treatise  on  Railway  Accidents,  their  Cause  and  Prevention  ;  with  a  De- 
scription of  Modern  Appliances  and  Systems.  By  Clement  E  Stretton, 
C.E.  Third  Edition,  Enlarged.  Crown  8vo,  cloth  .  .  .  3/6 
"A  book  for  the  engineer,  the  directors,  the  managers;  and.  In  short,  all  who  wish  or 

information  on  railway  matters  will  find  a  perfect  encyclopaedia  in  '  Safe  Railway  Working. '  "— 

Raitway  Review. 


ENGINEERING  STANDARDS  COM- 
MITTEE'S PUBLICATIONS. 


The  Engineering  Standards  Committee  is  the  outcome  of  a 
Committee  appointed  by  the  Institution  of  Civil  Engineers  at  the  instance 
of  Sir  John  Wolfe  Barry,  K.C.B.,  to  inquire  into  the  advisability  of 
Standardising  Rolled  Iron  and  Steel  Sections. 

The  Committee  is  supported  by  the  Institution  of  Civil  Engineers,  the 
Institution  of  Mechanical  Engineers,  the  Institution  of  Naval  Architects, 
the  Iron  and  Steel  Institute,  and  the  Institution  of  Electrical  Engineers  ; 
and  the  value  and  importance  of  its  labours  has  been  emphatically 
recognised  by  His  Majesty's  Government,  who  have  made  a  liberal  grant 
from  the  Public  Funds  by  way  of  contribution  to  the  financial  resources  of 
the  Committee. 

Reports  already  Published  : — 

1.  BRITISH  STANDARD  SECTIONS  (9  lists). 

Angles,  Equal  and  Unequal. — Bulb  Angles,  Tees  and  Plates.— 
Z  ANo  T  Bars. — Channels. — Beams,  JV'ei  1/0 

2.  TRAMWAY  RAILS  AND  FISH=PLATES:  STANDARD 

SECTIONS  AND  SPECIFICATION.  JVei  21/0 

3-   REPORT  ON  THE  INFLUENCE  OF  GAUGE  LENGTH. 

By  Professor  W.  C.  Unwin,  F.R.S.  JVei  2/6 

4.    PROPERTIES  OF  STANDARD  BEAMS. 

(^Included  in  No.  ]^it  -j^q 

5    STANDARD    LOCOMOTIVES   FOR    INDIAN  RAIL= 
WAYS.  ^r^t  1 0/6 

6.  PROPERTIES  OF  BRITISH  STANDARD  SECTIONS. 

Diagrams,  Definitions,  Tables,  and  Formulae.  Net  5/0 

7.  TABLES  OF  COPPER  CONDUCTORS  AND  THICK- 

NESSES OF  DI  =  ELECTRIC.  Net  2/6 

8.  SPECIFICATION  FOR  TUBULAR  TRAMWAY  POLES. 

Net  5/0 

9    SPECIFICATION  AND  SECTIONS  OF  BULL-HEADED 
RAILWAY  RAILS.  Net  10/6 

10.  TABLES  OF  PIPE  FLANGES.  Net  2/6 
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Engineering  Standards  Committee's  Reports — continued. 

11.  SPECIFICATION  &  SECTIONS  OF  FLAT-BOTTOMED 

RAILWAY  RAILS.  JVet  10/6 

12.  SPECIFICATION  FOR  PORTLAND  CEMENT.  jVet  2/6 

13.  SPECIFICATION  FOR  STRUCTURAL  STEEL  FOR 

SHIPBUILDING.  J^^et  2/6 

14.  SPECIFICATION  FOR  STRUCTURAL  STEEL  FOR 

MARINE  BOILERS.  JVet  2/6 

16.  SPECIFICATIONS  AND  TABLES  FOR  TELEGRAPH 

MATERIALS.  A^eM  0/6 

17  INTERIM  REPORT  ON  ELECTRICAL  MACHINERY. 

Net  2/6 

ig.  REPORT  ON  TEMPERATURE  EXPERIMENTS  ON 

FIELD  COILS  OF  ELECTRICAL  MACHINES.  Net  5/O 

20.  BRITISH  STANDARD  SCREW  THREADS.      Net  2/6 

21.  BRITISH  STANDARD  PIPE  THREADS.  Net  2/6 

22.  REPORT    ON    EFFECT   OF   TEMPERATURE  ON 

INSULATING   MATERIALS.  Net  5/0 

23.  STANDARDS  FOR  TROLLEY  GROOVE  AND  WIRE. 

 Net  1  /O 

MARINE  ENGINEERING,  SHIPBUILDING, 
NAVIGATION,  ETC. 

MARINE  ENGINES  AND  BOILERS. 

Their  Design  and  Construction.  A  Handbook  for  the  Use  of  Students, 
Engineers,  and  Naval  Constructors.  Based  on  the  Work  "  Berechnung  und 
Konstruktion  der  Schiffsmaschinen  und  Kessel,"  by  Dr.  G.  Bauer,  Engineer- 
in-Chief  of  the  Vulcan  Shipbuilding  Yard,  Stettin.  Translated  from  the  Second 
German  Edition  by  E.  M.  Donkin,  and  S.  Bryan  Donkin,  A.M.LC.E. 
Edited  by  Leslie  S.  Robertson,  Secretary  to  the  Engineering  Standards 
Committee,  M.LC.E.,  M.LM.E.,  M.LN.A.,&c.  With  numerous  Illustrations 
and  Tables.    Medium  8vo,  cloth.  ijust  Published.    2BI- Net 

SUMMARY  OF  CONTENTS  :— PART  I.— MAIN  ENGINES.-DETERMINATION  OF  CYLIN- 
DER DIMENSIONS.— THE  UTILISATION  OF  STEAM  IN  THE  ENGINE.— STROKE  OF  PISTON. 
—NUMBER  OF  REVOLUTIONS.— TURNING  MOMENT.— BALANCING  OF  THE  MOVING  PARTS. 
—ARRANGEMENT  OF  MAIN  ENGINES.— DETAILS  OK  MAIN  ENGINES.— THE  CYLINDER.- 
VALVES —VARIOUS   KINDS  OF  VALVE  GEAR. -PISTON   RODS.— PISTONS.— CONNECTING 

ROD  AND  CROSSHEAD.— Valve  Gear  Rods. -Bed  Plates.  —  Engine  Columns- 
reversing  and  TURNING  GEAR.  PART  II.-PUMPS.— AlR,  CIRCULATING  FEED,  AND 
AUXILIARY  PUMPS.  PART  III.-SHAFTING,  RESISTANCE  OF  SHIPS,  PROPELLERS. 
— THRU'.T  SHAFT  AND  THRUST  BLOCK.— TUNNEL  SHAFTS  AND  PLUMMER  BLOCKS.— 
SHAFT  COUPLINGS.— STERN  TUBE.— THE  SCREW  PROPELLER.— CONSTRUCTION  OF  THE 

screw  part  iv— pipes  and  connections.— general  remarks,  flanges, 
Valves  &c.— Under  Water  Fittings.— Main  Steam,  auxiliary  Steam,  and 
EXHAUST  Piping.— feed  Water,  Bilge,  Ballast  and  Circulating  Pipes.  PART  v.— 
STEAM  BOILERS.— Firing  AND  THE  GENERATION  OF  Steam.— Cylindrical  boilers. 

—  LOCOMOTIVE     boilers.  —  WATER-TUBE    BOILERS.  —  SMALL   TUBE  WATER-TUBE 

Boilers  _smoke  Box.— Funnel  and  Boiler  Lagging.— Forced  Draught.— Boiler 
Fitting's  and  mountings.  PART  VI.-MEASURING  INSTRUMENTS.  PART  VII.- 
VARIOUS  DETAILS.— BOLTS,  NUTS,  SCREW  THREADS,  &c.— Platforms,  gratings. 
Ladders  —  foundations. —Seatings.  —  Lubrication.— ventilation  of  Engine 
ROOMS.-RULES  for  SPARE  GEAR.    PART  VIII.-ADDITIONAL  TABLES. 

"  This  handsome  volume  contains  a  comprehensive  account  of  the  design  and  construction  of 
modern  marine  engines  and  boilers.  Its  arrangement  is  excellent,  and  the  numerous  illustrations 
represent  recent  practice  for  all  classes  of  warships  and  vessels  of  the  mercantile  marine.  His 
position  as  Engineer-in-Chief  of  the  great  Vulcan  Works  at  Stettin  gave  the  author  special  facilities 
for  selecting  illustrations  from  the  practice  of  that  firm,  which  has  built  many  of  the  swiftest  types 
of  steamships  for  both  war  and  commerce.  Other  German  firms  and  the  German  Admiralty  have 
been  eoually  generous  in  contributing  information,  while  a  large  proportion  of  the  illustrations  is 
drawn  from  English  technical  journals  and  the  proceedings  of  ourengmeering  societies.  American 
practice  is  also  represented.  The  compilation  has  been  laborious,  no  doubt,  but  it  constitutes  a 
valuable  book  of  reference  and  a  treasury  of  information.  The  English  editor  and  his  assistants 
have  done  their  work  well,  both  in  translation  and  in  the  conversion  of  metric  to  English  measures." 

—  y  /(£  Times. 
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THE    NAVAL    ARCHITECT'S    AND  SHIPBUILDERS 

POCKET-BOOK  ^  '-.'^^ 

Of  Formula,  Rules,  and  Tables,  and  Marine  Engineer's  and  Surveyor's  Handy 
Book  of  Reference.  By  Clement  Mackrow,  M.I.N. A.  Eighth  Edition, 
carefully  Revised  and  Enlarged.   Fcap.,  leather     .      .       .       TV^jf   1 2/6 

SUMMARY  OF  CONTENTS :— SIGNS  AND  SYMBOLS,  DECIMAL  FRACTIONS.— TRIGO- 
NOMETRY.—PRACTICAL  Geometry.— Mensuration.— Centres  and  Moments  of 
Figures.— Moments  of  Inertia  and  Radii  Gyration.— algebraical  Expressions 
for  Simpson's  Rules.— Mechanical  Principles.— Centre  of  Gravity.— Laws  of 
Motion.— Displacement,  Centre  of  Buoyancy.— Centre  of  Gravity  op  Ship's 
Hull.— Stability  curves  and  Metacentres.— Sea  and  Shallow-'water  Waves 
—Rolling  of  Ships.— Propulsion  and  resistance  of  Vessels.— Speed  Trials  — 
Sailing,  Centre  of  Effort.— Distances  do-wn  Rivers,  Coast  Lines.— Steering  and 
Rudders  of  Vessels— Launching  Calculations  and  Velocities.— Weight  of 
Material  and  Gear. —  Gun  Particulars  and  Weight.— Standard  Gauges  — 
Riveted  joints  and  Riveting.-Strength  and  Tests  of  Materials.— Binding 
A.ND  shearing  Stresses. —Strength  of  Shafting,  Pillars,  Wheels,  &c  — 
hydraulic  Data,  &c.  —  Conic  Sections,  Catenarian  Curves.  —  Mechanical 
Powers,  work.— Board  of  Trade  Regulations  for  Boilers  and  Engines.— Board 
OF  trade  Regulations  for  Ships.— Lloyd's  Rules  for  Boilers.— Lloyd's  weight 
OF  Chains.— Lloyds  Scantlings  for  Ships.— Data  of  Engines  and  Vessels.- 
Ships  Fittings  and  Tests.— Seasoning  Preserving  Timber.— Measurement  of 
Timber.— ALLOYS,  paints.  Varnishes.— Data  for  Stowage.— Admiralty  Trans- 
port Regulations.  — Rules  for  horse-power,  screw  propellers,  &c— Per- 
centages FOR  Butt  Straps.— Particulars  of  Yachts.-Masting  and  Rigging 
—  Distances  of  Foreign  Ports.  — Tonnage  Tables.— Vocabulary  of  French  and 
ENGLISH  TERMS.— English  Weights  and  Measures.— Foreign  weights  and  mea- 
sures.—Decimal  Equivalents.- Useful  Numbers.- Circular  Measures.-Areas 
OF  AND  Circumferences  op  Circles.-areas  of  Segments  of  Circles.— Tables 
of  Squares  and  Cubes  and  roots  of  Numbers.— Tables  of  Logarithms  of  Num- 
bers.—Tables  OF  Hyperbolic  Logarithms.— Tables  of  Natural  Sines,  Tangents 
—Tables  of  Logarithmic  Sines,  tangents.  &c. 

"  In  these  days  of  advanced  knowledge  a  work  like  this  Is  of  the  greatest  value.  It  contains 
a  vast  amount  of  information.  We  unhesitatingly  say  that  it  is  the  most  valuable  compilation  for  its 
specific  purpose  that  has  ever  been  printed.  No  naval  architect,  engineer,  surveyor  seaman 
wood  or  iron  shipbuilder,  can  afford  to  be  without  this  ■work."—Aauiical  Mag^azine. 

"Should  be  used  by  all  wh^  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will 
be  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  collected  from  the 
^^t^.^nthorities,  and  put  together  in  a  popular  and  simple  form.    It  is  of  exceptional  merit."— 

"  A  pocket-book  of  this  description  must  be  a  necessity  in  the  shipbuilding  trade.  It  con- 
tains a  mass  of  useful  information  clearly  expressed  and  presented  in  a  handy  loxm"— Marine 

WANNAN'5  MARINE  ENQINEER'5  GUIDE 

To  Board  of  Trade  Examinations  for  Certificates  of  Competency.  Containing 
all  Latest  Questions  to  Date,  with  Simple,  Clear,  and  Correct  Solutions; 
302  Elementary  Questions  with  Illustrated  Answers,  and  Verbal  Questions 
and  Answers  complete  Set  of  Drawings  with  Statements  ccmpleted.  By 
A.  C.  Wann AN,  C.E.,  Consulting  Engineer, and  E.  W.  I.  Wannan,  M.I.M.E., 
Certificated  First  Class  Marine  Engineer.  With  numerous  Engravings.  Fourth 
Edition,  Enlarged.    500  pages.    Large  crown  8vo,  cloth    .  J^et  -[QIQ 

"  ^'^^  Pf"^^  clearly  and  plainly  written  and  avoids  unnecessary  explanations  and  formulas, 
and  we  consider  it  a  valuable  book  for  students  of  marine  engineering."— yVai^rtca/  Magazine. 

WANNAN'S  MARINE  ENQINEER'5  POCKET-BOOK. 

Containing  Latest  Board  of  Trade  Rules  and  Data  for  Marine  Engineers. 
By  A.  C.  Wannan.    Third  Edition,  Revised,  Enlarged,  and  Brought  up  to 

Date.    Square  i8mo,  with  thumb  Index,  leather  6/0 

fi,     V. "  "'^IJ^'''^     J  °f  useful  information  in  this  little  pocket-book.     It  is  of  the  rule-of- 

yf"iS>!«r  ^'  °°         account,  well  adapted  to  the  uses  of  the  sea-going  engineer."— 

MARINE  ENGINES  AND  STEAM  VESSELS. 

By  R.  Murray,  C.E.    Eighth  Edition,  thoroughly  Revised,  with  Additions 
by  the  Author  and  by  George  Carlisle,  C.E.    Crown  8vo,  cloth    .  4/6 
"An  indispensable  manual  for  the  student  of  marine  meinsenng."—Live7-fioolMii-cnry. 

ELEMENTARY  MARINE  ENGINEERING. 

A  Manual  for  Young  Marine  Engineers  and  Apprentices.  By  T.  S.  Brewer. 
Crown  8vo,  cloth  '       .  .1/6 

"A  useful  introduction  to  tlie  more  elaborate  text-books."— Sco/j-^wa^. 


CROSBY  LOCKWOOD  <V  SON'S  CATALOGUE. 


CHAIN  CABLE5  AND  CHAIN5. 

Comprising  Sizes  and  Curves  of  Links,  Studs,  &c..  Iron  for  Cables  ^d  Chains, 
Chain  Cable  and  Chain  Making,  Forming  and  Welding  Links,  Strength  of 
Cables  and  Chains,  Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain 
Cables  and  Chains,  Historical  Notes,  Acts  of  Parliament,  Statutory  lests. 
Charges  for  Testing,  List  of  Manufacturers  of  Cables,  &c.,  &c.  By 
Thomas  W.  Traill,  F.E.R.N.,  M.Inst.C.E.,  Engineer-Surveyor-in-Chief, 
Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving  Estab  ishments, 
and  General  Superintendent,  Lloyd's  Committee  on  Proving  Establishments. 
With  numerous  Tables,  Illustrations,  and  Lithographic  Drawings,     t  olio, 

cloth  I 

"  It  contains  a  vast  amount  of  valuable  Information.  Nothing-  seems  to  be  wanting  to  make  it 
a  complete  and  standard  work  of  reference  on  the  subject."— ^  a^^^'I(■<^l'  Ma^aztiic. 

THE  SHIPBUILDING  INDUSTRY  OF  GERMANY. 

Compiled  and  Edited  by  G.  Lehmann-Felskowski.  With  Coloured  Prints, 
Art  Supplements,  and  numerous  Illustrations  throughout  the  text,  buper- 
royal  4to,  cloth  Nei  ^QiQ 

SHIPS  AND  BOATS. 

By  W.  Bland.  With  numerous  Illustrations  and  Models.  Tenth  Edition. 
Crown  8vo,  cloth      .1  '  '6 

SHIPS  FOR  OCEAN  AND  RIVER  SERVICE, 

Principles  of  the  Construction  of.  By  H.  A.  Sommerfeldt.  Crown  8vo  1/6 

AN  ATLAS  OF  ENGRAVINGS 

To  illustrate  the  above.  Twelve  large  folding  Plates.  Royai  4'©,  cloth  7/6 

NAVAL  ARCHITECTURE. 

An  Exposition  of  the  Elementary  Principles.  By  J.  Peake.  Cr.  8vo, 
cloth  3'0 

THE  ART  AND  SCIENCE  OF  SAILMAKING. 

By  Samuel  B.  Sadler,  Practical  Sailmaker,  late  in  the  employment  of 
Messrs.  Ratsey  and  Lapthorne,  of  Cowes  and  Gosport.    Plates.    410,  clot^ 

"This  extremely  practical  work  gives  a  complete  education  In  aU  the  branches  of  the  manu- 
facture, cutting  out,  roping,  seaming,  and  goring.  It  is  copiously  illustrated,  and  wUl  form  a  farst- 
rate  text-book  and  smie."—Poytsmouth  Times. 

SAILS  AND  SA!L=MAK1NG. 

With  Draughting,  and  the  Centre  of  Effort  of  the  Sails.  Weights  and 
Sizes  of  Ropes;  Masting,  Rigging,  and  Sails  of  Steam  Vessels,  &c.  By 
R.  KipriN-G,  N.A.    Crown  8vo,  cloth   2/6 

MASTING,  MAST=MAKING,  AND  RIGGING  OF  SHIPS. 

Also  Tables  of  Spars,  Rigging,  Blocks;  Chain,  Wire, and  Hemp  Ropes, 
relative  to  every  class  of  vessels.    By  R.  Kipping.    Crown  8vo,  cloth  2/0 

SEA  TERMS,  PHRASES,  AND  WORDS 

(Technical  Dictionary  of)  used  in  the  English  and  French  Ianguag<s 
(English-French,  French-English).  For  the  Use  of  Seamen,  Engineers,  Pilots, 
Shipbuilders,  Shipowners,  and  Ship-brokers.  Compiled  by  W.  Pirrie,  late  of 
the  African  Steamship  Company.  Fcap.  8vo,  cloth  limp  ,  .  .  5/0 
"This  volume  will  be  highly  appreciated  by  seamen,  engineers,  pilots,  shlpbuUders  and  ship- 
owners.   It  will  be  found  wonderfully  accurate  and  complete."— 5<:<;W?«<im. 

SAILOR'S  SEA  BOOK: 

A  Rudimentary  Treatise  on  Navigation.    By  James  Greenwood,  B.A. 
With  numerous  Woodcuts  and  Coloured  Plates.     New  and  Enlarged 
Edition.    By  W.  H.  Rosser.    Crown  8vo,  cloth       ....  2/6 
"  Is  perhaps  the  best  and  simplest  epitome  of  navigation  ever  compiled,"— FzVW, 
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PRACTICAL  NAVIGATION. 

Consisting  of  the  Sailor's  Sea  Book,  by  J.  Greenwood  and  W.  H.  Rossf.r; 
together  with  Mathematical  and  Nautical  Tables  for  the  Working  of  the 
Problems,  by  H.  Law,  C.E.,  and  Prof.  J.  R.  Young  ....  7/0 
"A  vast  amount  of  information  is  contained  in  tliis  voliune,  and  we  fancy  in  a  very  short 

time  that  it  will  be  seen  in  tlie  library  of  almost  every  sliip  or  yacht  sAom."—IiiiHt's  Yachting 

Ma^azijte. 

NAVIGATION  AND  NAUTICAL  ASTRONOMY, 

In  Theory  and  Practice.  By  Prof.  J.  R.  Young.  Crown  8vo,  cloth  .  2/6 
A  very  complete,  thorough,  and  useful  manual  for  the  young  n3.\\ga.\.Qr."— Observatory. 

MATHEMATICAL  TABLES, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations ;  to  which  is 
prefixed  a  Treatise  on  Logarithms,  by  H.  Law,  C.E.  With  Tables  for 
Navigation  and  Nautical  Astronomy.  By  Prof.  J.  R.  Young.  Crown  8vo, 
cloth   .  .  4/0 


MINING,   METALLURGY,  AND 
COLLIERY  WORKING. 

THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.LM.E.,  late  Chief  Engineer  and  Manager  of 
the  European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp. 
With  numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the 
Balakhany-Saboontchy-Romany  Oil  Field.    Royal  8vo,  cloth.    Net  £3  3s. 

MECHANICS  OF  AIR  MACHINERY. 

By  Dr.  J.  Weisbach  and  Prof.  G.  Herrmann.  Authorized  Translation 
with  an  Appendix  on  American  Practice  by  A.  Trowbridge,  Ph.B.,  Adjunct 
Professor  of  Mechanical  Engineering,  Columbia  University.  Royal  8  o,  c  oth. 

[J-ust  Fuhlishea.    Net  1  8/0 

SUMMARY  OF  CONTENTS :— THE  MOVEMENT  OF  AlR.— NATURAL  AND  ARTIFICIAL 

VENTILATION.  —  Blowing-Engines  ; —Vacuum  PUMPS  ;  tuyeres;  Hot-air  Blast; 

WORK  PERFORMED  BY  BLOWERS  ;  BLAST-RES1=.R\'0IRS  ;  PISTON-BLOWERS.— COMPRES- 
SORS.—ROTARY  Blowers.— Fans.— RECENT  American  Practice  &c. 

MACHINERY  FOR  METALLIFEROUS  MINE5. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists,  and  Managers  of 
Mines.  By  E.  Henry  Davies,  M.E..  F.G.S.  600  pp.  With  Folding  Plates 
and  Other  Illustrations.    Medium  8vo.  cloth       ....     Net  0.510 

"  Deals  exhaustively  with  the  many  and  complex  details  which  go  to  make  up  the  sum  total  of 
machinery  and  other  requirements  for  the  successful  working  of  metalliferous  mines,  and  as  a  book 
of  ready  reference  is  of  the  highest  value  to  mine  managers  and  directors."— MiKtw^-  Journal. 

THE  DEEP  LEVEL  MINES  OF  THE  RAND, 

And  their  Future  Development,  considered  from  the  Commercial  Point  of  View. 
By  G.  A.  Denny  (of  Johannesburg),  M.N.E. I.M.E.,  Consulting  Etigineer  to 
the  General  Mining  and  Finance  Corporation,  Ltd.,  of  London,  Berlin,  Paris, 
and  Johannesburg.    Fully  Illustrated  with  Diagrams  and  Folding  Plates. 

Royal  8vo,  buckram  -    Net  2510 

"  Mr.  Denny  by  cimfining  himself  to  the  consideration  of  the  future  of  the  deep-level  mmes 
of  the  Rand  breaks  new  ground,  and  by  dealing  with  the  subject  rather  from  a  commercial  stand- 
point than  from  a  scientific  one,  appeals  to  a  widecircle  of  readers.  The  book  cannot  fail  to  prove 
of  very  great  value  to  investors  in  South  African  mines."— Minitijs'  Journal. 

PROSPECTING  FOR  GOLD. 

A  Handbook  of  Practical  Information  and  Hints  for  Prospectors  based  on 
Personal  Experience.  By  Daniel  J.  Rankin,  F.R.S.G.S.,  M.R.A.S.,  formerly 
Manager  of  the  Central  African  Company,  and  Leader  of  African  Gold  Pros- 
pecting Expeditions.    With  Illustrations  specially  Drawn  and  Engraved  for 

the  Work.    Fcap.  8vo,  leather  7/6 

"  This  well-compiled  book  contains  a  collection  of  the  richest  gems  of  useful  knowledge  for 

the  prospe  nor  s  benefit.   A  special  table  is  given  to  accnlerate  the  spotting  at  a  glance  of  mmerals 

associated  with  gold."— jT/!«!>/ir  Journal. 
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THE  METALLURGY  OF  QOLD. 

A  Practical  Treatise  on  the  Metallurgical  Treatment  of  Gold-bearing  Ores. 
Including  the  Assaying,  Melting,  and  Refining  of  Gold.    By  M.  Eissler, 
M.Inst. M.M.     Fifth  Edition,  Enlarged.     With  over  300  Illustrations  and 
numerous  Folding  Plates.    Medium  8vo,  cloth       ....  iVe/21/0 
"  This  book  thoroughly  deserves  its  title  of  a  '  Practical  Treatise.'   The  whole  process  of  gold 
mining,  from  the  breaking  of  the  quartz  to  the  assay  of  the  bullion,  is  described  in  clear  and  orderly 
narrative  and  with  much,  but  not  too  much,  fulness  of  detail." — Saturday  Review. 

THE  CYANIDE  PROCESS  OF  QOLD  EXTRACTION, 

And  its  Practical  Application  on  the  Witwatersrand  Gold  Fields  and  elsewhere. 

By   M.  Eissler,  M.Inst.M.M.     With  Diagrams  and  Working  Drawings. 

Thiid  Edition,  Revised  and  Enlarged.  8vo,  cloth  ....  Nei  716 
"  This  book  is  just  what  was  needed  to  acquaint  mining  men  with  the  actual  working  of  a 
process  which  is  not  only  the  irost  popular,  but  is,  as  a  general  rule,  the  most  successful  for  the 
extraction  of  gold  from  tailings." — Mining-  jFoumal, 

DIAMOND  DRILLING  FOR  QOLD  &  OTHER  MINERALS. 

A  Practical  Handbook  on  the  Use  of  Modern  Diamond  Core  Drills  in  Pro- 
specting and  Exploiting  Mineral-Bearing  Properties,  including  Particulars  of 
the  Costs  of  Apparatus  and  Working.  By  G.  A.  Dennv,  M.N.E.Inst.M.E., 
M.Inst.M.M.  Medium  8vo,  168  pp.,  with  Illustrative  Diagrams  .  1  2/6 
"  There  is  certainly  scope  for  a  work  on  diamond  drilling,  and  Mr.  Denny  deserves  grateful 
recognition  for  supplying  a  decided  want." — Minings  yournal, 

QOLD  ASSAYING. 

A  Practical  Handbook,  giving  the  Modus  Operandi  for  the  Accurate  Assay  of 
Auriferous  Ores  and  Bullion,  and  the  Chemical  Tests  required  in  the  Processes 
of  Extraction  by  Amalgamation,  Cyanidation,  and  Chlorination.  With  an 
Appendix  of  Tables  and  Statistics.  By  H.  Joshua  Phillips,  F.I.C,  F.C.S., 
Assoc. Inst. C.E.,  Author  of  "  Engineering  Chemistry,"  &c.  With  Numerous 
Illustrations.    Large  Crown  8 vo,  cloth  Net  7/8 

FIELD  TESTING  FOR  QOLD  AND  SILVER. 

A  Practical  Manual  for  Prospectors  and  Miners.  By  W.  H.  Merritt, 
M.N.E.Inst.M.E.,  A.R.S.M.,  &c.     With  Photographic  Plates   and  other 

Illustrations.     Fcap.  Svo,  leather  Net  6/0 

"As  an  instructor  of  prospectors'  classes  Mr.  Merritt  has  the  advantage  of  knowing 
exactly  the  information  Ukely  to  be  most  valuable  to  the  miner  in  the  field.  The  contents  cover 
all  the  details  of  sampling  and  testing  gold  and  silver  ores.  A  useful  addition  to  a  prospector  s 
kit." — Mining  Journal, 

THE  PROSPECTOR'S  HANDBOOK. 

A  Guide  for  the  Prospector  and  Traveller  in  search  of  Metal- Bearing  or  other 
Valuable  Minerals.    By  J.  W.  Anderson,  M.A.  (Camb.),  F.R.G.S.  Tenth 
Edition.    Small  crown  Svo,  3/6  cloth  ;  or,  leather      ....  4/6 
"  Will  supply  a  much-felt  want,  especially  among  Colonists,  in  whose  way  are  so  often  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine." — Engineer. 

"  How  to  find  commercial  minerals,  and  how  to  identify  them  when  they  are  found,  are  the 
leading  points  to  which  attention  is  directed.  "—Mining;  youmal. 

THE  METALLURGY  OF  SILVER. 

A  Practical  Treatise  on  the  Amalgamation,  Roa.sting,  and  Lixiviation  of  Silver 
Ores.  Including  the  Assaying,  Melting,  and  Refining  of  Silver  Bullion.  By 
M.  Eissler,  M.Inst.M.M.  Fifth  Edition.  Crown  8vo,  cloth  .  10/6 
"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  will  supply  a  long-felt 

want  amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  Indirectly 

connected  with  the  industries."— A/i'KiK^'  Journal, 

THE  HYDRO-METALLURGY  OF  COPPER. 

Being  an  Account  of  Processes  Adopted  in  the  Hydro-Metallurgical  Treat- 
ment of  Cupriferous  Ores,  Including  the  Manufacture  of  Copper  Vitriol,  with 
Chapters  on  the  Sources  of  Supply  of  Copper  and  the  Roasting  of  Copper  Ores. 
By  M.  Eissler,  M.Inst.M.M.    Svo,  cloth       ....       Net  1218 
'*  In  this  volume  the  various  processes  for  the  extraction  of  cooper  by  wet  methods  are  fully 
detailed.    Costs  are  given  when  available,  and  a  great  deal  of  useful  information  about  the  copper 
iiidustry  of  tha  world  is  presented  in  an  interesting  and  attractive  manner." — Mining-  Journal, 
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THE  METALLURGY  OF  ARGENTIFEROUS  LEAD. 

A  Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  Smelting  Establishments  and 
Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in  Europe  and  America. 
By  M.  EissLER,  M.Inst. M.M.  Crown  8vo,  cloth  ....  12/6 
"  The  numerous  metallurgical  processes,  which  are  fully  and  extensively  treated  of,  embrace 

all  the  stages  experienced  in  the  passage  of  the  lead  from  the  various  natural  states  to  its  issue  from 

the  refinery  as  an  article  of  commerce." — Practical  Engineer. 

METALLIFEROUS  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.  Sixth  Edition,  thoroughly  Revised  and  much 
Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S.    600  pp.,  with  173 

Illustrations.    Large  crown  8vo,  cloth  Ntt  1  2/6 

"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better 
bool£  for  his  companion  and  his  guide. " — Mining  yoicrnal. 

EARTHY  AND  OTHER  MINERALS  AND  MINING. 

By  D.  C.  Davies,  F.G.S.,  Author  of  "  Metalliferous  Minerals,"  &c.  Third 
Edition,  Revised  and  Enlarged  by  his  Son,  E.  Henry  Davies,  M.E.,  F.G.S. 

With  about  loo  Illustrations.    Crown  8vo,  cloth  1  2/6 

"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains 
the  same  amount  of  information  packed  in  equally  convenient  lotta.  "— Academy, 

BRITISH  MINING. 

A  Treatise  on  the  History,  Discovery,  Practical  Development,  and  Future 
Prospects  of  Metalliferous  Mines  in  the  United  Kingdom.  By  Robert 
Hunt,  F.R.S.,  late  Keeper  of  Mining  Records.  Upwards  of  950  pp.,  with 
230  Illustrations.  Second  Edition,  Revised.  Super-royal  Svo,  cloth  £2  28. 

POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Rules,  Formulae,  Tables,  and  Notes  for  Use  in  Field  and  Office 
Work.    By  F.  Danvers  Power,  F.G.S.,  M.E.    Second  Edition,  Corrected. 

Fcap.  Svo,  leather  9/0 

"This  excellent  book  Is  an  admirable  example  of  its  kind,  and  ought  to  find  a  large  sale 
amongst  English-speaking  prospectors  and  mining  engineers."— 

THE  MINER'S  HANDBOOK. 

A  Handy  Book  of  Reference  on  the  subjects  of  Mineral  Deposits,  Mining 
Operations,  Ore  Dressing,  &c.  For  the  Use  of  Students  and  others  interested 
in  Mining  Matters.  Compiled  by  John  Milne,  F.R.S.,  Professor  of  Mining 
in  the  Imperial  University  of  Japan.  Third  Edition.  Fcap.  Svo,  leather  7/6 
"  Professor  Milne's  handbook  is  sure  to  be  received  with  favour  by  all  connected  with 
mining,  and  will  be  extremely  popular  among  students." — Athenautn. 

IRON  ORES  of  GREAT  BRITAIN  and  IRELAND. 

Their  Mode  of  Occurrence,  Age  and  Origin,  and  the  Methods  of  Searching  for 
and  Working  Them.  With  a  Notice  of  some  of  the  Iron  Ores  of  Spain.  By 
J.  D.  Kendall,  F.G.S.,  Mining  Engineer.    Crown  Svo,  cloth  .       .  16/0 

METALLURGY  OF  IRON. 

Containing  History  of  Iron  Manufacture,  Methods  of  Assay,  and  Analyses 
of  Iron  Ores,  Processes  of  Manufacture  of  Iron  and  Steel,  &c.  By 
H.  Bauerman-,  F.G.S.,  A.R.S.M.  With  numerous  Illustrations.  Sixth 
Edition,  revised  and  enlarged.  Crown  Svo,  cloth  ....  5/0 
"  Carefully  written,  it  has  the  merit  of  Ijrevity  and  conciseness,  as  to  less  important  points; 
wliile  all  material  matters  are  very  fully  and  tlioroughly  entered  \\\\o." —Standard. 

MINE  DRAINAGE. 

A   Complete    Practical    Treatise    on    Direct-Acting   Underground  Steam 
Pumping  Machinery.    By  Stephen  Michell.    Second  Edition,  Re-written 
and  Enlarged.   With  250  Illustrations.   Royal  Svo,  cloth      .        Net  2.&\Q 
HORIZONTAL  PUMPING  ENGINES.— ROTARY   AND  NON-ROTARY  HORIZONTAL 
Engines.— SIMPLE  AND  COMPOUND  Steam  Pumps.— VERTICAL  PUMPING  ENGINES.— 

ROTARY   AND    NON-ROTARY    VERTICAL    ENGINES.— SIMPLE   AND  COMPOUND  STEAM 

PUMPS. —Triple-Expansion  Steam  Pumps.  —  Pulsating  Steam  Pumps.  —  pump 
Valves.— Sinking  Pumps,  &c.,  &c. 

"  This  volume  contains  an  immense  amount  of  Important  and  interesting  new  matter. 
The  book  should  undoubtedly  prove  of  great  use  to  all  who  wish  for  information  on  the  sub- 
ject."—TAc  Fngineer. 
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ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Lupton,  M.Inst.C.E.,  M.I.M.E.,  M.I.E.E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Engineer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I.E.E.,  A.M.I.M.E., 

Associate  of  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 
University  ;  and  Herbert  Perkin,  M.I.M.E.,  Certificated  Colliery  Manager, 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.  With  about  170  Illustrations.  Second  Edition,  Revised 
and  Enlarged.  Medium  8vo,  cloth.  [J'ust  Published.    Net  1  2/0 

(For  Summary  of  contents,  see  page  29.) 

THE  COLLIERY  MANAQER'5  HANDBOOK. 

A  Comprehensive  Treatise  on  the  Laying-out  and  Working  of  Collieries, 
Designed  as  a  Book  of  Reference  for  Colliery  Managers,  and  for  the  Use  of  Coal- 
Mining  Students  preparing  for  First-class  Certificates.  By  Caleb  Pamely, 
Mining  Engineer  and  Surveyor ;  Member  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers ;  and  Member  of  the  South  Wales  Institute 
of  Mining  Engineers.  With  over  1,000  Diagrams,  Plans,  and  other  Illustra- 
tions.   Fifth  Edition,  Carefully  Revised  and  Greatly  Enlarged.    1,200  pp. 

Medium  8vo,  cloth  Net   £1  Ss. 

Geology.— Search  for  coal.— mineral  Leases  and  other  Holdings.— 
Shaft  sinking.— Fitting  Up  the  Shaft  and  Surface  Arrangements.— Steam 
boilers  and  their  fittings.— timbering  and  walling.— narrow  work  and 
Methods  of  working.  —  Underground  Conveyance. —Drainage.— The  Gases 
MET  with  in  Mines;  Ventilation.  —  On  the  Friction  of  Air  in  Mines. —  The 
Priestman  Oil  Engine;  Petroleum  and  Natural  Gas.  —  Surveying  and 
Planning.— Safety  Lamps  and  Firedamp  Detectors.— Sundry  and  Incidental 
Operations  and  Appliances.— Colliery  Explosions.— Miscellaneous  Questions 
and  answers.— Summary  of  Report  of  H.M.  commissioners  on 
accidents  in  Mines. 

"  Eminently  suited  to  the  purpose  forwlilch  it  Is  Intended,  being  cleat.  Interesting,  exhaustive, 
rich  in  detail,  and  up  to  date,  giving  descriptions  of  the  latest  machines'  ir  every  department.  A 
mining  engineer  could  scarcely  go  wrong  who  followed  this  work." — Cotl-ieyy  Guardian. 

"  Mr.  Pamely  has  not  only  given  us  a  comprehensive  reference  book  of  a  very  high  order 
suitable  to  the  requirements  of  mming  engineers  and  colliery  managers,  but  has  also  provided 
mining  students  with  a  class-book  that  is  as  interesting  as  it  is  instructive." — Colliery  Manager. 

"This  Is  the  most  complete  'all-round'  work  on  coal-mining  published  in  the  English 
language.  .  .  .  No  library  of  coal-mlnlng  books  Is  complete  without  Colliery  Ensineet 
(Scranton.  Pa.,  U.S.A.), 

PRACTICAL  COAL  MINING. 

An  Elementary  Class-Book  for  the  Use  of  Students  attending  Classes  in  Pre- 
paration for  the  Board  of  Education  and  County  Council  Examinations,  or 
Qualifying  for  First  or  Second  Class  Colliery  Managers'  Certificates.  By 
T.  H.  CoCKiN,  Member  of  the  Institution  of  Mining  Engineers,  Certificated 
Colliery  Manager,  Lecturer  on  Coal-Mining  at  Sheffield^  University  College. 
With  Map  of  the  I3ritish  Coal-fields  and  over  200  Illustrations  specially  Drawn 
and  Engraved  for  the  Work.  440  pages,  Crown  8vo,  cloth  .  .  Net  4/6 
"  The  style  of  exposition  is  lucid,  the  diagrams  are  clear,  and  as  a  '  first-book'  to  put  into  the 

hands  of  an  embryonic  colliery  manager,  the  volume  is  an  unquestionable  success."— Mining' 

Journal. 

COLLIERY  WORKING  AND  MANAGEMENT. 

Comprising  the  Duties  of  a  Colliery  Manager,  the  Oversight  and  Arrange, 
ment  of  Labour  and  Wages,  and  the  different  Systems  of  Working  Coal 
Seams.     By  H.  F.  Bulman  and  R.  A.  S.  Redmayne.     350  pp.,  with 
28  Plates  and  other  Illustrations,  including  Underground  Photographs. 
Medium  8vo,  cloth.  15/0 
"  This  is.  Indeed,  an  admirable  Handbook  for  Colliery  Managers,  In  fact  It  is  an  indispensable 
adjunct  to  a  Colliery  Manager's  education,  as  well  as  being  a  most  useful  and  interesting  work 
on  the  subject  for  all  who  in  any  way  have  to  do  with  coal  mining.    The  underground  photographs 
are  an  attractive  feature  of  the  work,  being  very  lifelike  and  necessarily  true  representations  of  the 
scenes  they  depict." — Colliery  Guardian, 

N0TE5  AND  FORMUL/E  FOR  MINING  5TUDENT5. 

By  John  Herman  Merivale,  M.A.,  Late  Professor  of  Mining  in  the  Durham 
College  of  Science,  Newcastle-upon-Tyne.     Fourth  Edition,  Revised  and 
Enlarged.    By  H.  F.  Bulman,  A.  M.Inst.C.E.    Small  crown  8vo,  cloth.  2/6 
"  The  author  has  done  his  work  In  a  creditable  manner,  and  has  produced  a  book  that  will 
be  of  service  to  students  and  those  who  are  practically  engaged  in  mining  operations." — Engineei . 
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PHY5ICS  AND  CHEMISTRY  OF  MINING. 

An  Elementary  Class-Book  for  the  use  of  Students  preparing  for  the  Board 
of  Education  and  County  Council  Examinations  in  Mining,  or  qualifying  for 
Colliery  Managers'  Certificates.  By  T.  H.  Byrom,  Chemist  to  the  Wigan 
Coal  and  Iron  Co.,  Ltd.,  &c.    With  Illustrations.    Crown  8vo,  cloth. 

[fust  Published.   Net  3/6 

MINING  CALCULATIONS. 

For  the  use  of  Students  Preparing  for  the  Examinations  for  Colliery 
Managers'  Certificates,  comprising  Numerous  Rules  and  Examples  in 
Arithmetic,  Algebra,  and  Mensuration.  By  T.  A.  O  Donahue,  M.E.,  First- 
class  Certificated  Colliery  Manager.    Crown  8vo,  cloth      .       .       .  3/6 

COAL  AND  COAL  MINING, 

By  the  late  Sir  Warington  W.  Smyth,  M.A.,  F.R.S.    Eighth  Edition, 
Revised  and  Extended  by  T.  Forster  Brown,  Chief  Inspector  of  the  Mines 
of  the  Crown  and  of  the  Duchy  of  Cornwall.    Crown  8vo,  cloth       .  3/6 
"Every  portion  of  the  voliinie  appears  to  have  been  prepared  with  much  care,  and  as  an  out- 
line is  ffiveii  of  every  known  coal-field  in  this  and  other  countries  as  well  as  of  the  two  principal 
methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  of  readers."— Miniii,ir 
Jouynal. 

INFLAMMABLE  OAS  AND  VAPOUR  IN  THE  AIR 

(The  Detection  and  Measurement  of).  By  Frank  Clowes,  D.Sc,  Lond., 
F.I.C.  With  a  Chapter  on  The  Detection  and  Measurement  of  Petro- 
leum Vapoue,  by  BovERTON  Redwood,  F.R.S. E.  Crown  8vo,  cloth.  Het  5/O 

"  Professor  Clowes  has  given  us  a  volume  on  a  subject  of  much  industrial  importance  .  .  . 
Those  interested  in  these  matters  may  be  recommended  to  study  this  book,  which  is  easy  of  compre- 
hension and  contains  many  good  tilings."— r/«  Engineer. 

COAL  &  IRON  INDUSTRIES  of  the  UNITED  KINGDOM. 

Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal  Seams  of 
Coal,  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  Occurrence  of  Iron  Ores  in  Veins  or 
Seams  ;  Analyses  of  each  Variety ;  and  a  History  of  the  Rise  and  Progress  of 
Pig  Iron  Manufacture.    By  Richard  Meade.    8vo,  cloth  .    £1  8s. 

"  A  book  of  reference  which  no  one  engaged  in  the  iron  or  coal  trades  should  omit  from 
his  library."— /f-an  and  Coal  Trades  Review. 

MINING  TOOLS, 

Manual  of.    By  W.  Morgans,  Lecturer  on  Mining  at  the  Bristol  School  of 

Mines.    Crown  8vo,  cloth  2/6 

Atlas  of  Engravings  to  the  above,  containing  235  Illustrations  drawn  to 

Scale.    4to  4/6 

"  Students,  Overmen,  Captains,  Managers,  and  Viewers  may  gain  practical  knowledge  and 
useful  hints  by  the  study  of  Mr.  Morgans'  Manual."— Co/Aurj'  Guardian. 

SLATE  AND  SLATE  QUARRYING. 

Scientific,  Practical,  and  Commercial.  By  D.  C.  Davies,  F.G.S.,  Mining 
Engineer,  &c.    With  numerous  Illustrations  and  Folding  Plates.  Fourth 


Edition.    Crown  8vo,  cloth  3/0 

"  One  of  the  best  and  best -balanced  treatises  on  a  special  subject  that  we  Iiave  met  with."— 
Engineer. 

A  FIRST  BOOK  OF  MINING  AND  QUARRYING. 

By  J.  H.  Collins,  F.G.S.    Crown  8vo,  cloth  1/6 


"  For  those  concerned  in  schools  in  the  mining  districts,  this  work  is  tire  very  thing  that 
should  be  in  the  hands  of  their  schoolmasters." — Jron. 

ASBESTOS  AND  ASBESTIC. 

Their  Properties,  Occurrence,  and  Use.    By  Robert  H.  Jones,  F.S  A., 
Mineralogist,    Hon.    Mem.  Asbestos  Club,    Black  Lake,    Canada.  With 
Ten  Collotype  Plates  and  other  Illustrations.  Demy  8vo,  cloth.        .      1 6/0 
"  An  interesting  and  Invaluable  work." — Colliery  Guardian. 

GRANITES  AND  OUR  GRANITE  INDUSTRIES. 

By  George  F.  Harris,  F.G.S.  With  Illustrations.  Crown  8vo,  cloth  2/6 
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MINERAL  SURVEYOR  AND  VALUER'5  GUIDE. 


Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation  of 
Mining  Properties,  with  New  Traverse  Tables.    By  W.  Lintern,  C.E., 

Fourth  Edition,  enlarged.    Crown  8 vo,  cloth  3/6 

"  Contains  much  valuable  information,  and  is  thoroii£hly  trustworthy."— /r<J«  and  Coal 
Trades  Ri^vinu. 

TRAVERSE  TABLES. 

For  use  in  Mine  Surveying.  By  William  Lintern,  C.E  With  two  plates. 
Small  crown  8vo,  doth         ........       Net  3/0 

SUBTERRANEOUS  SURVEYING. 


By  T.  Fenwick.    Also  the  Method  of  Conducting  Subterraneous  Surveys 


without  the  use  of  the  Magnetic  Needle,  &c.   ByT.  Baker.   Cr.  8vo.  2/6 

MINERALOGY, 

Rudiments  of.  By  A.  Ramsay,  F.G.S.  Fourth  Edition.  Woodcuts  and 
Plates.    Crown  Svo,  cloth  3/6 

PHYSICAL  GEOLOGY, 

Partly  based  on  Major-General  Portlock's  "Rudiments  of  Geology."  By 
Ralph  Tate,  A.L.S.,  &c.    Woodcuts.    Crown  Svo,  cloth  .       .    ^  .  2/0 

HISTORICAL  GEOLOGY, 

Partly  based  on  Major-General  Portlock's  "  Rudiments."  By  Ralph 
Tate.    Crown  Svo,  cloth  2/6 

GEOLOGY, 


Physical  and  Historical.  Consisting  of  "  Physical  Geology,"  which  sets 
forth  the  Leading  Principles  of  the  Science  ;  and  "  Historical  Geology," 
which  treats  of  the  Mineral  and  Organic  Conditions  of  the  Earth  at  each 
successive  epoch.    By  R.  Tate.    Crown  Svo,  cloth     ....  4/6 


ELECTRICITY,  ELECTRICAL 
ENGINEERING,  ETC. 

THE  ELEMENTS  OF  ELECTRICAL  ENGINEERING. 

A  First  Year's  Course  for  Students.  By  Tyson  Sewkll,  A.LE.E.,  Assistant 
Lecturer  and  Demonstrator  in  Electrical  Engineering  at  the  Polytechnic, 
Regent  Street,  London.  Third  Edition,  Revised  and  Enlarged,  including  an 
Appendix  of  Questions  and  Answers.  460  pages,  with  274  Illustrations.  Demy 
Svo,  cloth.  [Just  Hiblished.    Net  7/6 

Ohm's  Law.— Units  Employed  in  Electrical  Engineering. —Series  and 
Parallel  Circuits  ;  Current  Density  and  potential  Drop  in  the  Circuit.— 
The  Heating  Effect  of  the  Electric  Currf.nt.— The  Magnetic  Effect  of  an 
Electric  Current.— The  Magnetisation  of  iron.— electro-chemistry  ;  Primary 
B.atteries.— Accumulators.— indicating  instruments  Ammeters,  Voltmeters, 
Ohmmeters.— Electricity  Supply  meters. —Measuring  Instruments,  and  the 
Measurement  of  Electrical  Resistance.  —  Measurement  of  Potential  Dif- 
ference,  Capacity  Current  Strength,  and  Permeability.— Arc  Lamps.— Incan- 
descent Lamps,  Manufacture  and  Installation;  Photometry.  —  The  Con- 
tinuous Current  Dynamo.— Direct  Current  Motors.— Alternating  Currents. 
—Transformers,  Alternators,  Synchronous  Motors.— Polyphase  Working.— 
Appendix  of  Questions  and  Answers. 

"An  excellent  treatise  for  students  of  the  elementary  facts  connected  with  electrical 
engineering." — The  Electricia^i. 

"One  of  the  best  books  for  those  commencing^  the  study  of  electrical  engineering:.  Every- 
thing is  explained  in  simple  language  which  even  a  beginner  cannot  fail  to  understand." — Engineer. 

"  One  welcomes  this  book,  which  is  sound  in  its  treatment,  and  admirably  calculated  to  g:ive 
students  the  knowledge  and  information  they  most  require." — Nature. 

ELEMENTARY  ELECTRICAL  ENGINEERING 

In  Theory  and  Practice.  A  Class-book  for  Junior  and  Senior  Students,  and 
Working  Electricians.  By  J.  H.  Alexander,  M.B.,  A.LE.E.  With  181 
Illustrations.    Crown  Svo,  cloth.  [Just  Published.    Net  3/Q 

THE  ELECTRICAL  TRANSMISSION  OF  ENERGY. 

A  Manual  for  the  Design  of  Electrical  Circuits.  By  Arthur  Vaughan 
Abrott  C.  E.  ,  Member  American  Institute  of  Electrical  Engineers,  Member 
American  Institute  of  Mining  Engineers,  Member  American  Society  of  Civil 
Engineers,  Member  American  Society  of  Mechanical  Engineers,  &c.  With 
Ten  Folding  Diagrams  and  Sixteen  Full-page  Engravings.  Fourth  Edition, 
entirely  Re-Written  and  Enlarged.    Royal  8vo,  cloth    .       .      Net  SQ/O 


ELECTRICITY,  ELECTRICAL  ENGINEERING,  S-c.  ag 


ELECTRICITY  AS  APPLIED  TO  MINING. 

By  Arnold  Ldpton,  M.Inst.C.E.,  M.I.M.E.,  M.I.E  E.,  late  Professor  of 
Coal  Mining  at  the  Yorkshire  College,  Victoria  University,  Mining  Engineer 
and  Colliery  Manager;  G.  D.  Aspinall  Parr,  M.I. EE.,  A.M.I.M.E., 
Associate  of  the  Central  Technical  College,  City  and  Guilds  of  London,  Head 
of  the  Electrical  Engineering  Department,  Yorkshire  College,  Victoria 
University;  and  Herbert  Pkrkin,  M.I.M.E.,  Certificated  Colliery  Manager, 
Assistant  Lecturer  in  the  Mining  Department  of  the  Yorkshire  College, 
Victoria  University.  With  about  170  Illustrations  Second  Edition,  Revised 
and  Enlarged.    Medium  8vo,  cloth.  [Just  Published.    Net  1  2/0 

Introductory.  —  Dynamic  Electricity.  —  Driving  of  the  Dynamo.  —  the 
Steam  Turbine.— Distribution  of  Electrical  Energy.— starting  and  stopping 
Electrical  Generators  and  Motors.— Electric  Cables.— Central  Electrical 
Plants.— Electricity  applied  to  pumping  and  Hauling.— Electricity  applied 
to  Coal-Cutting.— Typical  Electric  plants  Recently  Erected.  —  Electric 
Lighting  by  arc  and  Glow  Lamps— Miscellaneous  Applications  of  Electricity 
—Electricity  as  compared  with  other  modes  of  Transmitting  Power.— 
Dangers  of  Electricity. 

"The  work  is  well  written,  and  exactly  suited  for  rapid  reference  by  men  to  whom  time  is 
an  object  of  the  first  importance." — Athaiaum. 

"Ought  to  find  a  place  in  the  library  of  all  who  are  interested  in  the  latest  development  of 
this  branch  of  mining  engineering." — Ekccrical  Review. 

CONDUCTORS  FOR  ELECTRICAL  DISTRIBUTION. 

Their  Materials  and  Manufacture,  The  Calculation  of  Circuits,  Pole-Line 
Construction,  Underground  Working,  and  other  Uses.  By  F.  A.C.  Perrine, 
A.M.,  D.Sc.  ;  formerly  Professor  of  Electrical  Engineering,  Leland  Stanford, 
Jr.,  University ;  M.Amer.I.E.E.    8vo,  cloth      ....    Net  20/0 

Conductor  Materials— Alloyed  Conductors— manufacture  of  wire— 
Wire-Finishing— Wire  insulation— Cables— Calculation  of  Circuits— Kelvin's 
Law  of  Economy  in  Conductors— Multiple  Arc  Distribution— alternating 
Current  Calculation— Overhead  Lines— Pole  Line- Line  Insulators— Under- 
ground Conductors. 

DYNAMO  ELECTRIC  MACHINERY:    its  CONSTRUC- 
TION, DE31QN,  and  OPERATION. 

By  Samuel  Sheldon,  A.M.,  Ph.D.,  Professor  of  Physics  and  Electrical  Engi- 
neering at  the  Polytechnic  Institute  of  Brooklyn,  assisted  by  H.  Mason,  B.S. 
In  two  volumes,  sold  separately,  as  follows : — 
Vol.  I.-DIRECT  CURRENT  MACHINES.    Fifth  Edition,  Revised.  Large 
crown  8vo.    280  pages,  with  200  Illustrations       .       .       JVei    1  2/0 
Vol.  II.— ALTERNATING  CURRENT  MACHINES.   Large  crown  8vo.  260 
pages,  with  184  Illustrations      ......       JVei  1  2/0 

Designed  as  Text-books  for  use  in  Technical  Educational  Institutions,  and  by  Engineers 
whose  woik  includes  the  handling  of  Direct  and  Alternating  Current  Machines  respectively,  and 
for  Students  proficient  in  mathematics. 

DYNAMO,    MOTOR   AND   SWITCHBOARD  CIRCUITS 

FOR  ELECTRICAL  eNQINEERS. 

A  Practical  Book  dealing  with  the  subject  of  Direct,  Alternating  and  Poly- 
phase Currents.    By  William  R.  Bowker,  C.E.,  M.E.,  E.E.,  Consulting 

Tramway  Engineer.    8vo,  cloth  IVei  6/0 

"  Mr.  Bowker's  book  consists  cliiefly  of  diagrams  of  connections,  with  short  explanatory 

notes,  there  are  over  100  diagrams,  and  the  cases  considered  cover  all  the  more  important  circuits, 

whether  in  direct  current,  single-phase,  or  polyphase  work." — Nature. 

ARMATURE  WINDINGS  oP  DIRECT  CURRENT  DYNAMOS. 

Extension  and  Application  of  a  General  Winding  Rule.  By  E.  Arnold, 
Translated  from  the  German  by  F.B.  De  Gress.    8vo,  cloth     .    Net  12/0 

POWER  TRANSMITTED  BY  ELECTRICITY, 

And  applied  by  the  Electric  Motor,  including  Electric  Railway  Construction. 
By  P.  Atkinson,  A.M.,  Ph.D.    Third  Edition,  Fully  Revised,  and  New 


Matter  added.    With  94  Illustrations.    Crown  Svo,  cloth     .       .    Net  9/0 

THE  MANAGEMENT  OF  DYNAMOS. 

A  Handy  book  of  Theory  and  Practice  for  the  Use  of  Mechanics,  Engineers, 
Students,  and  others  in  Charge  of  Dynamos.  By  G.  W.  Lummis-Paterson. 
Third  Edition,  Revised.    Crown  Svo,  cloth  4/6 


"  The  subject  Is  treated  in  a  manner  which  any  intelligent  man  who  Is  fit  to  be  entrusted  with 
charge  0/  an  engine  should  be  able  to  understand.  It  is  a  useful  book  to  all  who  make,  tend,  or 
umpluy  eieciiic  Uiaciimery."— ..-frcAi^fcf. 


CROSBY  LOCK  WOOD       SON'S  CATALOGUE. 


DYNAMO  CONSTRUCTION. 

A  Practical  Handbook  for  the  Use  of  Engineer-Constructors  and  Electricians- 
in -Charge.    Embracing  Framework  Building,  Field  Magnet  and  Armature 
Winding  and  Grouping,  Compounding,  &c.    By  J.  W.  Urquhart.  Second 
Edition,  Enlarged,  with  114  Illustrations.    Crown  8vo,  cloth        .      .  T/6 
"  Mr.  Urquhart's  book  is  the  first  one  which  deals  with  these  matters  in  such  a  way  that  the 
engrineering  student  can  understand  them.   The  book  is  very  readable,  and  the  author  leads  his 
readers  up  to  difficult  subjects  by  reasonably  simple  tests." — Eneineerin£  Review. 

HOW  TO  MAKE  A  DYNAMO. 

A  Practical  Treatise  for  Amateurs.  Containing  Illustrations  and  Detailed 
Instructions  for  Constructing  a  Small  Dynamo  to  Produce  the  Electric  Light. 
By  Alfred  Crofts.    Seventh  Edition.   Crown  8vo,  cloth  .      .      .  2/0 

WIRELESS  TELEGRAPHY; 

Its  Origins,  Development,  Inventions,  and  Apparatus.  By  Charles  Henry 
Skwall.    With  85  Diagrams  and  Illustrations.    8vo,  cloth    .      Net  10/6 

SUBMARINE  TELEGRAPHS. 

Their  History,  Construction,  and  Working.  Founded  in  part  on  WCnschen- 
dorff's  "  Traits  de  T616graphie  Sous-Marine,"  and  Compiled  from  Authorita- 
tive and  Exclusive  Sources.  ByCHARLES  Bright,  F.R.S.E.,  A.M.Inst.C.E., 
M.I.E.E.    780  pp.,  fully  Illustrated,  including  Maps  and  Folding  Plates. 

Royal  8vo,  cloth  Net  £3  Ss. 

"There  are  few,  if  any,  persons  more  fitted  to  write  a  treatise  on  submarine  telegraphy  than 
Mr.  Charles  Bright.  He  has  done  his  work  admirably,  and  has  written  in  a  way  which  will 
appeal  as  much  to  the  layman  as  to  the  engineer.  This  admirable  volume  must,  for  many  years  to 
come,  hold  the  position  of  tlie  English  classic  on  submarine  telegraphy." — Engineer. 

"  This  book  is  full  of  information.  It  makes  a  book  of  reference  whicli  should  be  in  every 
engineer's  XCatsxy."— Nature. 

ELECTRICAL  AND  MAGNETIC  CALCULATIONS. 

For  the  Use  of  Electrical  Engineers  and  Artisans,  Teachers,  Students,  and  all 
others  interested  in  the  Theory  and  Application  of  Electricity  and  Magnetism. 
By  Prof.  A.  A.  Atkinson,  Ohio  University.    Crown  Svo.  cloth       Ntt  9/0 

"To  teachers  and  those  who  already  possess  a  fair  knowledge  of  their  subject  we  can  recom- 
mend this  book  as  being  useful  to  consult  when  requiring  data  or  formulae  which  it  is  neither  con- 
venient nor  necessary  to  retain  by  memory." — The  Electrician. 

THE  STANDARD  ELECTRICAL  DICTIONARY. 

A  Popular  Encyclopaedia  of  Words  and  Terms  Used  in  the  Practice  of  Electrical 
Engineering.  Containing  upwards  of  3,000  definitions.  By  T.  O'Conor 
Sloane,  A.M.,  Ph.D.    Third  Edition,  with  Appendix.    Crown  8vo,  6go  pp., 

390  Illustrations,  cloth  Net  7IB 

"  The  work  has  many  attractive  features  in  It,  and  is,  beyond  doubt,  a  well  put  together  and 

useful  publication.   The  amount  of  ground  covered  may  be  gathered  from  the  fact  that  in  the  index 

about  5,000  references  will  be  found.  —£/«^^a/  Review, 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK. 

Consisting  of  Rules,  Formulae,  Tables,  and  Data.  By  H.  R.  Kempe, 
M.I.E.E.,  A.M.Inst.C.E.,  Technical  Officer  Postal  Telegraphs,  Author  of 
"  A  Handbook  of  Electrical  Testing."  Second  Edition.   32mo,  leather  5/0 

"  It  is  the  best  book  of  Its  kind." — Electrical  Engineer. 

"  The  Electrical  Engineer's  Pocket-Book  is  a  good  one." — Electrician. 

"  Strongly  recommended  to  those  engaged  in  the  electrical  industries." — Electrical  Review, 

ELECTRIC  LIGHTING  (ELEMENTARY  PRINCIPLES  OF). 

By  Alan  A.  Campbell  Swinton,  M.Inst.C.E.,  M.I.E.E.  Sixth  Edition. 
With  16  Illustrations.    Crown  Svo,  cloth  1/6 

ELECTRIC  LIGHT. 

Its  Production  and  Use,  Embodying  Plain  Directions  for  the  Treatment  of 
Dynamo-Electric  Machines,  Batteries,  Accumulators,  and  Electric  Lamps. 
By  J.  W.  Urquhart,  C.E.   Seventh  Edition.    Crown  8vo,  cloth      .  7/6 
"  The  whole  ground  of  electric  lighting  is  more  or  less  covered  and  explained  in  a  very  clear 
and  concise  ma.miei,"—£lectfical  Review. 

ELECTRIC  LIGHT  FOR  COUNTRY  HOUSES. 

A  Practical  Handbook  on  the  Erection  and  Running  of  Small  Installations, 
with  Particulars  of  the  Cost  of  Plant  and  Working.  By  J.  H.  Knight. 
Fourth  Edition,  Revised.    Crown  Svo,  wrapper  I/O 
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ELECTRIC  LIGHT  FITTINQ. 

A  Handbook  for  Working  Electrical  Engineers,  embodying  Practical  Notes  on 
Installation  Management.  By  J.  W.  Urquhart.  With  numerous  Illustra- 
tions.   Fourth  Edition,  Revisedi    Crown  8vo,  cloth  6/0 

"  This  volume  deals  with  the  mechanics  of  electric  lightings,  and  is  addressed  to  men  who 
are  already  engaged  in  the  work,  or  are  training  for  it.  The  worlc  traverses  a  great  deal  of  ground, 
and  may  be  read  as  a  sequel  to  the  author's  useful  work  on  '  Electric  Light.' " — Electrician, 

ELECTRIC  5HIP-LIQHTINQ. 

A  Handbook  on  the  Practical  Fitting  and  Running  of  Ships'  Electrical  Plant. 
For  the  Use  of  Shipowneis  and  Builders,  Marine  Electricians,  and  Seagoing 
Engineers-in-Charge.  By  J.  W.  Urquhart,  C.E.  Third  Edition,  Revised 
and  Extended.  With  88  Illustrations,  Crown  8vc,  cloth  .  .  .  7/6 
"  Mr.  Urquhart  Is  to  be  highly  complimented  for  placmg  such  a  valuable  work  at  the  service 
of  marine  electricians." — The  Steamship. 

DYNAMIC  ELECTRICITY  AND  MAGNETISM. 

By  Philip  Atkinson,  A.M.,  Ph.D.,  Author  of  "  Elements  of  Static 
Electricity,"  &c.    Crown  8vo,  417  pp.,  with  120  Illustrations,  cloth    .  10/6 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY. 

By  H.  M.  NoAD,  F.R.S.    650  pp.,  with  470  Illustrations.   Crown  8vo,  cloth. 

9/0 


ARCHITECTURE,  BUILDING,  ETC. 


SPECIFICATIONS  IN  DETAIL. 

By  Frank  _W.  Macey,  Architect,  Author  of  "Conditions  of  Contract." 
Second  Edition,  Revised  and  Enlarged,  containing  644  pp.,  and  2,000  Illustra- 
tions.   Royal  8vo,  cloth  Net  21/0 

Summary  of  Contents  :— General  Notes  (including  Points  in  Specification 
■Writing,  The  Order  of  a  Specification,  and  Notes  on  Items  often  Omitted 
FROM  A  Specification).— Form  of  Outside  Cover  to  a  Specification  —Specifica- 
tion OF  WORKS  AND  LIST  OF  GENERAL  CONDITIONS.— PRELIMINARY  ITEMS  (INCLUDING 

Shoring  and  House  Breaker).— Drainage  (including  Rain-water  'Wells  and 
REPORTS).— Excavator  (including  Concrete  Floors,  Roofs,  Stairs  and  'Wall';) 

— Pa VIOR.— BRICKLAYER  (including  FLINTWORK,  RiVER  AND  OTHER  WALLING.  SPRING- 
WATER  Wells,  Storage  Tanks,  Fountains,  Filters,  Terra  Cotta  and  Faience)  — 
Mason.— CARPENTER,  joiner  and  ironmonger  (including  Fencing  and  piling;  — 
Smith  and  Founder  (including  Heating,  Fire  Hydrants,  Stable  and  Cow-house 
Fittings).— Slater  (including  Slate  Mason).— tiler.— Stone  Tiler.-Shingler.— 
Thatcher.  —  plumber  (including  Hot-wathr  work).  —  Zincworker.  —  copper- 
smith. —  PLASTERER.  —  GaSFITTER.  —  BELLHANGER.  —  GLAZIER.  —  PAINTER.  —  PaPER- 

hanger.  — General  Repairs  and  Alterations.  —  Ventilation.  —  Road-making  — 
Electric  Light.— index. 

"We  strongly  advise  every  student  to  purchase  the  volume  nnd  carefully  study,  wliile  to  the 
older  practitioner  we  would  say,  have  it  by  you  as  a  most  useful  work  of  xalitxtiwcc"— Architectural 
Associattoti  Notes. 

LOCKWOOD'S  BUILDER'S  PRICE  BOOK  for  1906. 

A  Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers,  and  Contractors.  Re-constructed,  Re-written,  and 
Greatly  Enlarged.  By  Francis  T.  W.  Miller.  800  closely-printed  pages, 
crown  8vo,  cloth.  \Just  Published  4/0 

"  This  book  is  a  very  useful  one,  and  should  find  a  place  in  every  English  office  connected 
with  the  building  and  engineering  professions." — Industries. 

"An  excellent  book  of  reference." — Architect, 

"  Comprehensive,  reliable,  well  arranged,  legible  and  well  bound.  '— British  Architect. 

PRACTICAL  BUILDING  CONSTRUCTION. 

A  Handbook  for  Students  Preparing  for  Examinations,  and  a  Book  of 
Reference  for  Persons  Engaged  in  Building.  By  John  Parnell  Allen, 
Surveyor,  Lecturer  on  Building  Construction  at  the  Durham  College  of 
Science,  Newcastle-on-Tyne.  Fourth  Edition,  Revised  and  Enlarged. 
Medium  8vo,  570  pp.,  with  over  1,000  Illustrations,  cloth  .  .  Net  716 
"  The  most  complete  exposition  of  building  construction  we  have  seen.   It  contains  all  that  is 

necessary  to  prepare  students  for  examinations  In  building  construction."— iSK«Wi>ff  News, 

"  The  author  depends  nearly  as  much  on  his  diagrams  as  on  his  type.   The  pages  suggest 

the  hand  of  a  man  of  experience  in  building  operations — and  the  volume  must  be  a  blessing  to 

many  teachers  as  weil  as  to  students."— 7"A«  Architect. 


CROSBY  LOCKWOOD  *  SON'S  CATALOGUE. 


SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.    Upon  the  Basis 
of  the  Work  by  A,  Bartholomew,  Revised,  by  F.  Rogers.    8vo,  cloth   1  5/0 
"  Oneot  the  tooks  with  which  every  young  architect  must  be  equipped.' —^rtA»/<rt. 

SCIENCE  OF  BUILDING: 

An  Elementary  Treatise  on  the  Principles  of  Construction.  By  E.  Wynd- 
HAM  Takn,  M.A.  Lond.    Fourth  Edition.    Crown  8vo,  cloth     .      .  3/6 

ART  OF  BUILDING, 

Rudiments  of.  General  Principles  of  Construction,  Chargicter,  Strength, 
and  Use  of  Materials,  Preparation  of  Specifications  and  Estimates,  &c. 
By  Edward  Dobson,  M.Inst.C.E.  Fifteenth  Edition,  revised  by  J.  P. 
Allen,  Lecturer  on  Building  Construction  at  the  Durham  College  of 


Science.    Crown  8vo,  cloth  2/0 

"  A  good  book  for  practical  knowledge,  and  about  the  best  to  be  oh\.3\\\ed."—Butl<iinx'' News. 

BOOK  ON  BUILDING, 

Civiland  Ecclesiastical.  By  Sir  Edmund  Beckett, Bart.,  LL.D.  Second 
Edition.    Crown  8vo,  cloth      .........  4/6 

*'  A  book  which  is  alwaj'S  amusing  and  ne.'irly  always  instructive." — Ti}nes. 

BUILDING  ESTATES: 


A  Treatise  on  the  Development,  Sale,  Purchase,  and  Management  of 
Building  Land.  By  F.  Maitland.  Fourth  Edition.  Crown  8vo,  cloth  2/0 
"  This  book  should  undoubtedly  be  added  to  the  library  of  every  professional  man  dealing 
with  building  land." — Land  .-l^i^etit's  Ktxord. 

COTTAGE  BUILDING. 

By  C.  Bruce  Allen.  Twelfth  Edition,  with  Chapter  on  Economic 
Cottages  for  Allotments  by  E.  E.  Allen,  C.E.    Crown  8vo,  cloth     .  2/0 

DWELLING  =  HOUSES, 

Erection  of,  illustrated  by  a  Perspective  View,  Plans,  Elevations,  and 
Sections  of  a  Pair  of  Villas,  with  the  Specification,  Quantities,  and  Estimates. 
By  S.  H.  Brooks.    Crown  8vo,  cloth  2/6 

FARM  BUILDINGS: 

Their  Arrangement  and  Construction,  with  Plans  and  Estimates.  By  Pro- 
fessor J.  Scott.    Crown  8vo,  cloth  2/0 

'■  No  one  who  is  called  upon  to  design  farm  buildings  can  afford  to  be  without  this  work."— 
Builder. 

SHORING, 

And  its  Application.  By  G.  H.  Blagrove.  Crown  8vo,  cloth  .  .1/6 
"  We  reconnnend  this  valuable  treatise  to  all  students."— ^;«7ift«.j,'-  A'ews. 

ARCHES,  PIERS,  BUTTRESSES. 

By  William  Bland.    Crown  8vo,  cloth  1/6 

PRACTICAL  BRICKLAYING. 

General  Principles  of  Bricklaying;  Arch  Drawing,  Cutting,  and  Setting, 
Pointing;  Paving,  Tiling,  &c.    By  Adam  Hammond.    With  68  Woodcuts. 

Crown  8vo.,  cloth   .    1  /6 

"  The  young  bricklayer  will  find  it  infinitely  valuable  to  him."— G/ajfow  Herald. 

ART  OF  PRACTICAL  BRICK-CUTTING  AND  SETTING. 

By  Adam  Hammond.    With  go  Engravings.    Crown  8vo,  cloth        .  1/6 

BRICKWORK: 

Embodying  the  General  and  Higher  Principles  of  Bricklaying,  Cutting  and 
Setting ;  with  the  Application  of  Geometry  to  Roof  Tiling,  &c.    By  V. 

Walker.    Crown  8vo,  cloth  1/6 

"Contains  all  that  a  student  needs  to  learn  from  books." — BiUlding  News. 

BRICKS  AND  TILES, 

Rudimentary  Treatise  on  the  Manufacture  of.    Containing  an  Outline  of 
the  Principles  of  Brickmaking.    By  E.  Dobson,  M.R.LB.A.    Additions  by 
C.  ToMLiNSON,  F.R.S.    Illustrated.    Crown  8vo,  cloth       .       .       .  3/0 
"  The  best  handbook  on  the  subject.  \Vc  can  recommend  it  as  a  good  investment." — Biiitdcr. 
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PRACTICAL  BRICK  AND  TILE  BOOK. 

Comprising:  Brick  and  Tile  Making,  by  E.  Dobson,  M.Inst.C.E, ;  Practical 
Bricklaying  by  A.  Hammond,  Brick-Cutting  and  Setting,  by  A.  Hammond. 
550  pp.,  with  270  Illustrations,  strongly  half-bound       ....  6/0 

PRACTICAL  MA50NRY. 

A  Guide  to  the  Art  of  Stone  Cutting.  Comprising  the  Construction,  Setting - 
Out,  and  Working  of  Stairs,  Circular  Work,  Arches,  Niches,  Domes,  Penden- 
tives.  Vaults,  Tracery  Windows,  &c.  ;  to  which  are  added  Supplements 
relating  to  Masonry  Estimating  and  Quantity  Surveying,  and  to  Building 
Stones  and  Marbles,  and  a  Glossary  of  Terms.  For  the  Use  of  Students, 
Masons,  and  Craftsmen.  By  _W.  R.  Purchase,  Building  Inspector  to  the 
Borough  of  Hove.    Fifth  Edition,  Enlarged.    Royal  8vo,  226  pp.,  with  52 

Plates,  comprising  over  400  Diagrams,  cloth  Net  TIQ 

"  The  book  is  a  practical  treatise.  Most  of  the  examples  given  are  from  actual  work 
carried  out.  It  should  be  found  of  general  utility  to  architectural  students  and  others,  as  well  as  to 
those  to  whom  it  is  soedallv  addressed."— y<)K>-«a/  c/the  Royal  Institute  0/ British  Architects. 

MASONRY  AND  STONECUTTINQ, 

The  Principles  of  Masonic  Projection,  and  their  Application  to  Construc- 
tion.   By  E.  Dobson,  M.R.I. B. A.    Crown  8vo,  cloth  .       .      .      .  2/6 

MODERN  LIGHTNING  CONDUCTORS. 

An  Illustrated  Supplement  to  the  Report  of  the  Lightning  Research  Com- 
mittee of  1905,  with  Notes  as  to  the  Methods  of  Protection,  and  Specifica- 
tions. By  KiLLiNGWORTH  HEDGES,  M.Inst.C.E.,  M.I.E.E.,  Honorary 
Secretary  to  the  Lightning  Research  Committee,  Author  of  "  American 
Street  Railways."    Medium  8vo,  cloth.  L/ms*  Published.    Net  QIQ 

"  The  illustrations  are  very  interesting  and  give  one  a  clear  idea  of  what  is  likely  to  happen 
when  a  building  is  struck  by  lightning.  Mr.  Hedges'  suggestions  of  possible  reasons  why  certain 
protected  buildings  were  struck  are  instructive.  He  also  explains  the  modern  methods  of  fitting 
buildings  with  lightning  conductors.  To  the  ordinary  reader  the  book  will  be  of  interest,  and  to 
anyone  who  has  to  design  a  system  for  protecting  a  building  from  lightning  strokes  it  will  be 
helpful."— ^/rt/Ar. 

"The  damage  done  by  lightning  to  various  buildings  throughout  the  country  is  shown  by 
sketches  and  photogfraphs  which  make  the  path  of  the  lightning  clear.  In  the  book  will  be  found 
the  suggestions  and  rules  of  the  Research  Committee,  which  were  drawn  up  after  a  consideration 
of  the  reports  on  a  large  number  of  lightning  strokes.  These  are  commented  on  bjf  the  author, 
who  gives  also  some  specifications  which  will  guide  surveyors  and  architects  in  the  right 
direction.  .  .  .  The  information  given  in  the  volume  is  most  valuable."— ir/^rtwa^^^^zjieer. 

MODERN   PLUMBING,    STEAM   AND   HOT  WATER 

HEATING. 

A  Work  for  the  Plumber,  the  Heating  Engineer,  the  Architect,  and  the  Builder. 
By  J.  J.  Lawler.    With  284  Illustrations.    4to,  cloth      ,       .    JVet  21/- 

PLUMBING  : 

A  Text-Book  to  the  Practice  of  the  Art  or  Craft  of  the  Plumber.  With 
Chapters  upon  House  Drainage  and  Ventilation.    By  Wm.  Paton  Buchan. 
Ninth  Edition,  with  512  Illustrations     Crown  8vo,  cloth       .       .       .  3/6 
"  A  text-book  which  may  be  safely  put  into  the  hands  of  every  young  plumber,  and  which 
will  also  be  foimd  useful  by  architects  and  medical  professors."— ^wz'/rfer. 

HEATING  BY  HOT  WATER, 

VENTILATION  AND  HOT  WATER  SUPPLY. 

By  Walter  JoNES;  M.I.M.E.  360  pages,  with  140  Illustrationg.  Medium 
8vo,  cloth       .       .      .       .      "  N'gt  6/0 

THE  PRACTICAL  PLASTERER: 

A  Compendium  of  Plain  and  Ornamental  Plaster  Work.  By  W.  Kemp. 
Crown  8vo,  cloth  2/0 

CONCRETE  :  ITS  NATURE  AND  USES. 

A  Book  for  Architects,  Builders,  Contractcrs,  and  Clerks  of  Works.  By 
G.  L.  SuTCLiFFE,  A.R.I.B.A.  S;cond  Edition,  Revised  and  Enlarged.  396 
pp.,  with  Illustrations.    Crown  8vo,  cloth.  [Just  Published.    JSIet  9/0 

"  The  author  treats  a  difficult  subject  In  a  lucid  manner.   The  manual  fills  a  long-felt  ffap. 

It  Is  careful  and  exhaustive  ;  equally  usefijl  as  a  student's  gruide  and  an  architect's  book  of 

reference."— y^wywa/  i^the  Royal  Institute  0/ British  Archittcts. 


CROSBY  LOCK  WOOD       SON'S  CATALOGUE. 


PORTLAND  CEMENT  FOR  USERS. 

By  the  late  Henry  Faija,  M.Inst.C.E.     Fifth  Edition.     Revised  and 
Enlarged  by  D.  B.  Butler,  A. M.Inst.C.E.    Crown  8vo,  cloth  .       .  3/0 
"Supplies  in  a  small  compass  all  that  is  necessary  to  be  known  by  users  of  cement." — 
Buildint;^  News. 

LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 

PLASTERING,  &c. 

By  G.  R.  BuRNELL,  C.E.    Fifteenth  Edition.    Crown  8vo,  cloth       .    1  /6 

MEASURING  AND  VALUING  ARTIFICERS'  WORK 

(The  Student's  Guide  to  the  Practice  oQ.  Containing  Directions  for  taking 
Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with 
Tables  of  Constants  for  Valuation  of  Labour,  and  for  the  Calculation  of  Areas 
and  Solidities.  Originally  edited  by  E.  Dobson,  Architect.  With  Additions 
by  E.  W,  Tarn,  M.A.  Seventh  Edition,  Revised.  Crown  8vo,  cloth.  7/6 
"The  most  complete  treatise  on  the  principles  of  measuring  and  valuing  artificers' work. " 
—Building'  News. 

QUANTITIES  AND  MEASUREMENTS, 

In  Bricklayers',  Masons',  Plasterers',  Plumbers ,  Painters',  Paperhangers', 
Gilders',  Smiths',  Carpenters'  and  Joiners'  Work,     By  A.  C.  Beaton, 

Surveyor.    Crown  8vo,  cloth  1/6 

"  This  book  is  indisDensable  to  builders  and  their  quantity  clerks."— /w/i  Mcchanit. 

TECHNICAL  GUIDE,  MEASURER,  AND  ESTIMATOR. 

For  Builders  and  Surveyors.  Containing  Technical  Directions  for  Measuring 
Work  in  all  the  Building  Trades,  Complete  Specifications  for  Houses,  Roads, 
and  Drains,  and  an  Easy  Method  of  Estimating  the  parts  of  a  Building 
collectively.  By  A.  C.  Beaton.  Tenth  Edition.  Waistcoat-pocket  size.  1/6 
"  No  builder,  architect,  surveyor,  or  vsiluer  should  be  without  his '  Beaton.' " — Buildings  News. 

COMPLETE  MEASURER; 

Setting  forth  the  Measurement  of  Boards,  Glass,  Timber,  and  Stone.  By 
R.  HoRTON.    Sixth  Edition.    Crown  8vo,  cloth  4/0 

THE  HOUSE-OWNER'S  ESTIMATOR. 

Or,  What  will  it  Cost  to  Build,  Alter,  or  Repair  ?  A  Price  Book  for  Un- 
professional People  as  well  as  the  Architectural  Surveyor  and  Builder.  By 
J.  D.  Simon.     Edited  by  F.  T.  W.  Miller,  A.R.I. B.A.     Fifth  Edition. 

Carefully  Revised.    Crown  8vo,  cloth  Net  3/6 

"  In  two  years  It  will  repay  its  cost  a  hundred  times  over. ' — Field. 

HANDBOOK  OF  HOUSE  PROPERTY. 

A  Popular  and  Practical   Guide   to   the  Purchase,  Tenancy,  and  Com- 
pulsory Sale  of  Houses  and  Land,  including  Dilapidations  and  Fixtures  ; 
with  Examples  of  all  kinds  of  Valuations,  Information  on  Building  and  on  the 
right  use  of  Decorative  Art.    By  E.  L.  Tarbuck,  Architect  and  Surveyor. 
Seventh  Edition.    i2mo,  cloth         ....  ...  6/0 

"The  advice  is  thoroughly  practical."— Z-aw  Journal. 

"  For  all  who  have  dealings  with  house  property,  this  is  an  Indispensable  guide." — Decoration. 
"  Carefully  brought  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  Fine  Art. 
A  well-written  and  thoughtful  work."— Z.a«rf  Agents'  Record. 

ARCHITECTURAL  PERSPECTIVE. 

The  whole  Course  and  Operations  of  the  Draughtsman  in  Drawing  a  Large 
House  in  Linear  Perspective.    Illustrated  by  43  Folding  Plates.    By  F.  O. 

Ferguson.    Third  Edition    8vo,  boards  3/6 

"  It  Is  the  most  Intelligible  of  the  treatises  on  this  Ill-treated  subject  that  I  have  met  with."- 
E.  INGRESS  Bell,  Esq.,  Tntheie./.*.^.  youmal. 

PERSPECTIVE  FOR  BEGINNERS 

For  Students  and  Amateurs  in  Architecture,  Painting,  &c.  By  G.  Pvne. 
Crown  8vo,  cloth  2/0 

PRACTICAL  RULES  ON  DRAWING. 

For  the  Builder  and  Young  Student  in  Architecture.   By  G.  Pyne.  410  7/6 


ARCHITECTUBE,  BUILDING,  &-c. 
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THE  MECHANICS  OF  ARCHITECTURE. 

A  Treatise  on  Applied  Mechanics,  especially  Adapted  to  the  Use  of  Architects, 
By  E.  W.  Tarn,  M.A.,  Author  of    The  Science  of  Building,"  &c.  Second 
Edition,  Enlarged.    Illustrated  with  123  Diagrams.   Crown  8vo,  cloth  7/6 
"  The  book  Is  a  very  useful  and  helpful  manual  of  architectural  mechanics."— £»<iVrf«r. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE. 

Being  a  Series  of  Designs  for  Villa  Residences  in  various  Styles.  With 
Outline  Specifications  and  Estimates.  By  C.  Wickes,  ..Architect,  Author  of 
"The  Spires  and  Towers  of  England,"  &c.    61  Plates,  410,  half-morocco,  gilt 

^'^ges  £1  lis.  6d. 

DECORATIVE  PART  OF  CIVIL  ARCHITECTURE. 

By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A. 
Revised  and  Edited  by  W.  H.  Leeds.    66  Plates,  4to,  cloth       .  .21/0 

HINTS  TO  YOUNG  ARCHITECTS. 

By  George  Wightwick,  Architect,  Author  of  "The  Palace  of  Architec- 
ture," &c.,  &c.  Sixth  Edition,  revised  and  enlarged  by  G.  Huskisson 
GuiLLAUME,  Architect.    Crown  8vo,  cloth  3/6 

"  Ought  to  be  considered  as  necessary  a  purchase  as  a  box  of  instruments."—^/  nhitect. 

THE  ARCHITECT'S  GUIDE. 

Being  a  Text-book  of  Useful  Information  for  Architects,  Engineers,  Surveyors, 
Contractors,  Clerks  of  Works,  &c.    By  F.  Rogers.    Crown  Svo.     .  3/6 

ARCHITECTURE-ORDERS. 

The  Orders  and  their  ^Esthetic  Principles.  By  W.  H.  Leeds.  Cr.  Svo.  1  /6 

ARCHITECTURE— STYLES. 

The  History  and  Description  of  the  Styles  of  Architecture  of  Various 
Countries,  from  the  Earliest  to  the  Present  Period.    By  T.  Talbot  Bury, 

F.R.I.B.A.,  &c.    Illustrated.    Crown  Svo,  cloth  2/0 

"  Orders  AND  Styles  OF  Architecture,"  in  0;ifi  To/.    .      .      .  3/6 

ARCHITECTURE-DESIGN. 

The  Principles  of  Design  in  Architecture,  as  deducible  from  Nature  and 
exemplified  in  the  Works  of  the  Greek  and  Gothic  Architects.    By  Edw. 

L.  Garbett,  Architect.    Crown  Svo,  cloth  2/6 

..."  ^}'^  know  no  work  tliat  we  would  sooner  reconnnend  to  an  attentive  reader  desirous  to 
obtam  clear  views  of  tile  nature  of  architectural  art.    The  book  is  a  valuable  one."— Builder. 
***   The  three  preceding  Works  in  One  handsome   Vol.,   half- bound,  entitled 
"  Modern  Architecturi!',"  price  BIO' 

ARCHITECTURAL  MODELLING  IN  PAPER, 

The  Art  of.  By  T.  A.  Richardson.  Crown  Svo,  cloth  .  .  .1/6 
••  A  valuable  aid  to  the  practice  of  architectural  modelling."— i'lfiVrff-;-'.!-  Il'ee/ily  Reporter. 

VITRUVIUS  — THE     ARCHITECTURE     OF  MARCUS 

VITRUVIUS  POLLIO. 

In  Ten  Books.    Translated  from  the  Latin  by  J.  Gwilt.    With  23  Plates. 

Crown  Svo,  cloth  g/Q 

'^■B.—This  is  tlie  only  Edition  of  Vitruvius  procurable  at  a  moderate  price. 

GRECIAN  ARCHITECTURE, 

An  Inquiry  into  the  Principles  of  Beauty  in  ;  with  an  Historical  View  of  the 
Rise  and  Progress  of  the  Art  in  Greece.    By  the  Earl  of  Aberdeen    1  /O  . 
The  two  preceding  Works  in  One  handsome  Volume,  half-bound,  entitled 
"  Ancient; Architecture,"  price  6/0- 

ACOUSTICS  OF  PUBLIC  BUILDINGS: 

The  Laws  of  Sound  as  applied  to  the  Arrangement  of  Buildings.  By 
Professor  T.  Roger  Smith,  F.R.I.B.A.  New  Edition,  revised.  With 
numerous  Illustrations.    Crown  Svo,  cloth  1/6 

LIGHT: 

An  introduction  to  the  Science  of  Optics.  Designed  for  the  Use  of  Students 
of  Architecture,  Engineering,  and  other  Applied  Sciences.  By  E.  W.  Tarn, 
M.A.  'Crown  Svo,  cloth   "1/6 
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SANITATION  AND  WATER  SUPPLY. 


THE  HEALTH  OFFICER'5  POCKET-BOOK. 

A  Guide  to  Sanitary  Practice  and  Law.  For  Medical  Officers  of  Health, 
Sanitary  Inspectors,  Members  of  Sanitary  Authorities,  &c.  By  Edward 
F.  WiLLOUGHBY,  M.D.  (Lond.),  &c.    Second  Edition,  Revised  and  Enlarged. 

Fcap.  8vo,  leather  Ifei  10/6 

"A  mine  of  condehsed  information  of  a  pertinent  and  useful  kind.  Tlie  various  subjeas. 
of  whicli  it  treats  beine  succinctly  but  fully  and  tcientificaliy  dealt  with."— 7"A«  Lancet. 

"  We  recommend  all  those  engaged  in  practical  sanitary  work  to  furnisli  themselves  with  a 
copy  for  reference." — Sanitary  yourttal. 

THE  WATER  SUPPLY  OF  TOWNS  AND  THE  CON- 
STRUCTION OF  WATER-WORKS. 

By  Profe.'=sor  W.  K.  Burton,  A.M. Inst. C.E.  Second  Edition,  Revised 
and  Extended.    Royal  8vo,  cloth.    (See  page  12.)  ....    £1  Ss. 

THE  WATER  SUPPLY  OF  CITIES  AND  TOWNS. 

By  William  HuMBER,  A.M. Inst. C.E. ,  and  M.Inst. M.E  Imp.  4to,  half, 
bound  morocco.    (See  page  12.)  Net  £6  6s. 

WATER  AND  ITS  PURIFICATION. 

A  Handbook  for  the  Use  of  Local  Authorities,  Sanitary  Officers,  and  others 
interested  in  Water  Supply.  By  S.  Rideal,  D.Sc.  Lond.,  F.I. C.  Second 
Edition,  Revised,  with  Additions,  including  numerous  Illustrations  and  Tables. 
Large  Crown  8vo,  cloth  J^et  9/0 

RURAL  WATER  SUPPLY. 

A  Practical  Handbook  on  the  Supply  of  Water  and  Construction  of  Water- 
works for  Small  Country  Districts.  By  Allan  Grkenwell,  A.M.I. C.E., 
andW.  T.  Curry,  A.M.I.C.E.    Revised  Edition.    Crown  8vo,  cloth  5/0 

WATER  ENQINEERINQ. 

A  Practical  Treatise  on  the  Measvu-ement,  Storage,  Conveyance,  and  Utilisa- 
tion  of  Water  for  the  Supply  of  Towns.    By  C.  Slagg,  A.M.Inst.C.E.  7/6 

THE  PURIFICATION  OF  SEWAGE. 

Being  a  Brief  Account  of  the  Scientific  Principles  of  Sewage  Purification,  and 
their  Practical  Application.    By  Sidney  Barwise,  M.D.  (Lond.),  B  Sc., 
M.R.C.S.,  D.P.H.  (Carab.),  Fellow  of  the  Sanitary  Institute,  Medical  Officer 
of  Health  to  the  Derbyshire  County  Council.    Second  Edition,  Revised  and 
Enlarged,  with  an  Appendix  on  the  Analysis  of  Sewage  and  Sewage  Effluents. 
With  numerous  Illustrations  and  Diagrams.    Demy  8vo,  cloth.      IVet  10/6 
Summary   of   contents  :  — Sewage  :    its   Nature  and  composition.  — The 
Chemistry  of  Sewage.— Varieties  of  Sewage  and  the  Changes  it  Undergoes.— 
River  Pollution  and  its  Effects.— The  Land  Treatment  of  Sewage.— precipi- 
tation, precipitants,  and  Tanks.— The  liquefaction  of  Sewage.— principles 
involved  in  the  Oxidation  of  sewage.— Artificial  Processes  of  Purification.— 
Automatic  Distributors  and  Special  Filters.— Particulars  of  Sewerage  and 
sewage  Disposal  Schr.mes  required  by  local  government  Board.— Useful 

'DKTK.—Ap*en<iix :   THE  APPARATUS    REQUIRED  FOR  SEWAGE  ANALYSIS.— STANDARD 

Solutions  used  in  the  Method  of  Sewage  analysis.— ra*/ej .-  Estimation  of 
AMMONIA.— Nitrogen  as  nitrates.— incubator  Test,  Oxygen  Absorbed.— To 
Convert  Grains  per  Gallon  -io  Parts  per  100,000. 

"The book  will  be  of  use  to  those  who  are  responsible  for  directing  and  advising  on  the 
treatment  of  sewage.  The  information  furnished,  as  a  whole,  is  reasonably  accurate  and  up-to-date." 
—Nature. 

SANITARY  WORK  IN  SMALL  TOWNS  AND  VILLAGES. 

By  Charles  Slagg,  A.M.Inst.C.E.    Third  Edition,  Enlarged.  Crown 

8vo,  cloth  3/0 

"This  is  averj'  useful  book.  There  is  a  great  deal  of  work  required  to  be  done  in  the 
smaller  towns  and  villages,  and  this  little  volume  will  help  those  who  are  willing  to  do  \V—Bmlder. 

VENTILATION: 

A  Text-Book  to  the  Practice  of  the  Art  of  Ventilating  Buildings.  By  W.  P. 
Buchan.    With_i7o  illustrations.    Crown  8vo,  cloth  .       ■      .  3/6 
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CARPENTRY,  TIMBER,  ETC. 


PRACTICAL  FORESTRY. 

And  its  Bearing  on  the  Improvement  of  Estates.  By  Charles  E.  Curtis, 
F.S.I. ,  Professor  of  Forestry,  Field  Engineering,  and  General  Estate 
Management,  at  the  College  of  Agriculture,  Downton.  Second  Edition, 
Revised.    Crown  8vo,  cloth  3/6 

PREFATORY  REMARKS.  —  OBJECTS  OF  PLANTING.  —  CHOICE  OF  A  FORESTER.  — 
CHOICE  OF  SOIL  AND  SITE.— LAYING  OUT  OF  LAND  FOR  PLANTATIONS.— PREPARATION 
OF  THE  GROUND  FOR  PLANTING. —DRAINAGE.— PLANTING.— DISTANCES  AND  DISTRI- 
BUTION OF  TREES  IN  PLANTATIONS.— TREES  AND  GROUND  GAME.— ATTENTION  AFTER 
PLANTING.— THINNING  OF  PLANTATIONS  —  PRUNING  OF  FOREST  TREES.— REALIZATION. 
—METHODS  OF  Sale.— MEASUREMENT  OF  TIMBER.— MEASUREMENT  AND  VALUATION 

OF  Larch  plantation.— Fire  Lines.— Cost  of  Planting. 

"  Mr.  Curtis  has  in  the  course  of  a  series  of  short  pithy  chapters  afforded  much  Infonna- 
tion  of  a  useful  and  practical  character  on  the  planting  and  subsequent  treatment  of  trees."— 
Illustrated  Carpenter  and  Builder. 

WOODWORKINQ  MACHINERY. 

Its  Rise,  Progress,  and  Construction.  With  Hints  on  the  Management  of  Saw 
Mills  and  the  Economical  Conversion  of  Timber.  Illustrated  with  Examples 
of  Recent  Designs  by  leading  English,  French,  and  American  Engineers.  By 
M.  Powis  Bale,  M.Inst.C.E.,  M.I.Mech.E.  Second  Edition,  Revised, 
with  large  Additions,  large  crown  8vo,  440  pp.,  cloth  ....  9/0 
"  Mr  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  Information 
that  his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber." — Architect. 

"The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.  The 
author  is  a  thorough  master  of  his  subject." — Building  News. 

SAW  MILLS. 

Their  Arrangement  and  Management,  and  the  Economical  Conversion  of 
Timber.     By  M.  Powis  Bale,  M.Inst.C.E.,  M.I.Mech.E.    Second  Edition, 

Revised.    Crown  8vo,  cloth  10/6 

"  The  administration  of  a  large  sawing  establishment  Is  discussed,  and  the  subject  examined 
from  a  financial  standpoint.  Hence  the  size,  shape,  order,  and  disposition  of  saw  mills  and  the  like 
are  gone  into  in  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  its  delivery  in  its 
converted  state.    We  could  not  desire  a  more  complete  or  practical  treatise." — Builder. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 

A  Treatise  on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance 
of  Timber,  and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting 
Iron  and  Stone  with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature 
and  Properties  of  Timber,  &c.,  with  Descriptions  of  the  kinds  of  Wood  used 
in  Building;  also  numerous  Tables  of  the  Scantlings  of  Timber  for  different 
purposes,  the  Specific  Gravities  of  Materials,  &c.  By  Thomas  Tredgold,  C.E. 
With  an  Appendix  of  Specimens  of  Various  Roofs  of  Iron  and  Stone,  Illus- 
trated.   Seventh  Edition,  thoroughly  Revised  and  considerably  Enlarged  by 

E.  Wvndham  Tarn,  M.A.,  Author  of  "The  Science  of  Building,"  &c. 
With  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In  One  large 
Vol.,  4to,  cloth  £1  Ss. 

"  Ought  to  be  in  every  architect's  and  every  builder's  library."— ^Kt'/rfer. 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  is 
concerned.  The  author's  principles  are  rather  confirmed  than  Impaired  by  time.  The  additional 
plates  are  of  great  intrinsic  value.  " — Building^  News. 

THE  CARPENTER'S  QUIDE. 

Or,  Book  of  Lines  for  Carpenters  ;  comprising  all  the  Elementary  Principles 
essential  for  acquiring  a  knowledge  of  Carpentry.  Founded  on  the  late  Peter 
Nicholson's  standard  work.   A  New  Edition,  Revised  by  Arthur  Ashpitkl, 

F.  S.A.  Together  with  Practical  Rules  on  Drawing,  by  George  Pynk. 
With  74  Plates,  4to,  cloth  £1  1  a, 

CARPENTRY  AND  JOINERY— 

The  Elementary  Principles  of  Carpentry.    Chiefly  composed  from  tht 
Standard  Work  of  T.  Tredgoi.d.     With  Additions  and  a  Treatise  on 
Joinery  by  E.  W.  Tarn,  M.A.    Eighth  Edition.    Crown  8vo,  cloth  3/6 
Atlas  of  35  Plates  to  accompany  and  illustrate  the  foregoing  book. 

With  Descriptive  Letterpress,   ito  6/0 

"  These  two  volumes  form  a  complete  treasury  of  carpentry  and  joinery  and  should  be  in 
tlio  h  inds  of  every  carpenter  and  joiner  in  th«  Empire."— />-(>«. 
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ROOF  CARPENTRY: 

Practical  Lessons  in  the  Framing  of  Wood  Roofs.  For  the  use  of  Working 
Carpenters.   By  Geo.  Collings.    Crown  8vo,  cloth  ....  2/0 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY. 

A  practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Collings.    Fourth  Edition.    Crown  8vo,  cloth      .       .  2/6 
"  Cheap  in  price,  clear  in  definition,  and  practical  in  the  examples  selected."— AVjiyrffr. 

HANDRAILINQ  COMPLETE  IN  EIGHT  LESSONS. 

On  the  Square-Cut  Sjfstem.  By  J.  S.  Goldthorp,  Teacher  of  Geometry 
and  Building  Construction  at  the  Halifax  Mechanics'  Institute.  With  Eight 
Plates  and  over  150  Practical  Exercises.  4to,  cloth  ,  .  .  .  3/6 
"  Likely  to  be  of  considerable  value  to  Joiners  and  others  who  tiike  a  pride  In  good  work. 

The  arrangement  of  the  book  is  excellent.    We  heartily  commend  it  to  teachers  and  students."— 

Timber  Trades  JournaL. 

PRACTICAL  TREATISE  ON  HANDRAILINQ: 

Showing  New  and  Simple  Methods.  By  Geo.  Collings.  Third  Edition, 
including  a  Treatise  on  Stairbuilding.  Crown  8vo,  cloth  .  .  .  2/6 
"Of  practical  utility  in  llie  execution  of  this  difficult  brancli  of  joinery."— .fi;«VA!-. 

THE    CABINET-MAKER'5  GUIDE   TO  THE  ENTIRE 

CONSTRUCTION  OP  CABINET  WORK. 

By  Richard  Bu  meaij.  Illustrated  with  Plans,  Sections  and  Working 
Drawings.    Crown  8vo,  cloth  2/6 

THE  JOINTS  MADE  AND  USED  BY  BUILDERS. 

By  W.  J.  Christy.    With  160  Woodcuts.    Crown  8vo,  cloth    .       .  3/0 
"  The  worl.;  is  deserv  ing  of  high  commendation."— /ji';«7(i'cr. 

TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S,  AND 

BUILDER'5  STANDARD  GUIDE. 

By  R.  E.  Grandy.    Crown  8vo,  cloth  2/0 

"  Everything  it  pretends  to  be  :  built  uj)  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and 
throws  in,  as  a  makeweight,  a  host  of  material  concerinng  bricks,  columns,  cisterns,  &.z."—Enzlish 
Mcchatiic. 

TIMBER  MERCHANT'S  and  BUILDER'S  COMPANION. 

Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measure- 
ment of  Deals  and  Battens,  of  all  sizes,  and  other  Useful  Tables  for  the  use  of 
Timber  Merchants  and  Builders.     By  William  Dowsing.     Fifth  Edition, 

Revised  and  Conected.    Crown  8vo,  cloth  3/0 

"  We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and 
simplicity  of  arrangement  leave  nothing  to  be  desired."— rj>«*«r  Trades  Jm 


THE  PRACTICAL  TIMBER  MERCHANT. 

Being  a  Guide  for  the  Use  of  Building  Contractors,  Surveyors,  Builders,  &c., 
comprising  useful  Tables  for  all  purposes  connected  with  the  Timber  Trade, 
Marks  of  Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of 
Timber,  &c.  By  W.  Richardson.  Second  Edition.  Fcap.  8vo,  cloth  .  3/6 
"This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchants, 

liuUders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  timber."— 

Journal  0/  Forestry, 

PACKING-CASE  TABLES. 

Showing  the  number  of  Superficial  Feet  in  Boxes  or  Packing-Cases,  from  six 
inches  square  and  upwards.    By  W.  Richardson,  Timber  Broker.  Fourth 

Edition.    Oblong  410,  cloth  3/6 

"  Invaluable  labour-saving  —Ironmonger . 

"  Will  save  much  labour  and  calculation."— G»-(7«>-. 

GUIDE  TO  SUPERFICIAL  MEASUREMENT. 

Tables  calculated  from  i  to  200  inches  in  length,  by  i  to  108  inches  in  breadth. 
For  the  use  of  Architects,  Surveyors,  Engineers,  Timber  Merchants, 
Builders,  &c.    By  J.  Hawkings.    Fifth  Edition.  Crown  8vo,  cloth  .  3/6 
"  These  tablts  will  be  found  of  great  assistance  to  all  who  require  to  make  calcuLntions 
of  superficial  measurenient."— Mcc/iaiiic. 
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DECORATIVE  ARTS,  ETC. 


SCHOOL   OF   PAINTING    FOR   THE    IMITATION  OF 

WOODS  AND  MARBLES. 

As  Taught  and  Practised  by  A.  R.  Van  der  Burg  and  P.  Van  der  Burg, 
Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio,  i8J  by  12^  in., 
Illustrated  with  24  full-size  Coloured  Plates  ;  also  12  plain  Plates,  comprising 

154  Figures.    Fourth  Edition,  cloth  ^^et  £1  Ss. 

List  of  Plates. 

I.  Various  tools  Required  for  Wood  Painting.— 2,  3.  Walnut  :  Preliminary 
STAGES   OF  Graining  and  Finished  Specimen.  —  4.  Tools  Used  for  Marble 

PAINTING  AND  METHOD  OF  MANIPULATION.— 5,  6.  ST.  REMI  MARBLE;  EARLIER 
OPERATIONS  AND  FINISHED  SPECIMEN.  —  7.  METHODS  OF  SKETCHING  DIFFERENT 
GRAINS,  KNOTS,  &c.— 8,  9.  ASH:  PRELIMINARY  STAGES  AND  FINISHED  SPECI- 
MEN —  10.  METHODS  OF  SKETCHING  MARBLE  GRAINS.  —  II,  12.  BRECHE  MARBLE  J 
PRELIMINARY  STAGES  OF  WORKING  AND  FINISHED  SPECIMEN.— 13.  MAPLE  ;  METHODS 
OF  PRODUCING  THE  DIFFERENT  GRAINS.— 14,  IJ.  BiRD'S-EYE  MAPLE;  PRELIMINARY 
STAGES  AND  FINISHED  SPECIMEN.— 16.  METHODS  OF  SKETCHING  THE  DIFFERENT 
SPECIES  OF  WHITE  MARBLE.— 17,  18.  WHITE  MARBLE  ;  PRELIMINARY  STAGES  OF 
PROCESS  AND  FINISHED  SPECIMEN  — 19.  MAHOGANY;  SPECIMENS  OF  VARIOUS  GRAINS 
AND  METHODS  OF  MANIPULATION. —20,  21.  MAHOGANY;  EARLIER  STAGES  AND 
FINISHED  SPECIMEN.— 22,  23,  24  SlENNA  MARBLE;  VARIETIES  OF  GRAIN,  PRELIMINARY 
STAGES  AND  FINISHED  SPECIMEN  —25,  26,  27.  JUNIPER  WOOD ;  METHODS  OF  PRO- 
DUCING GRAIN,  &C.  ;  PRELIMINARY  STAGES  AND  FINISHED  SPECIMEN.— 28,  29,  30.  VERT 
DE  MER  MARBLE;  VARIETIES  OF  GRAIN  AND  METHODS  OF  WORKING,  UNFINISHED 
AND  FINISHED  SPECIMENS.— 31,  32,  33.  OAK  ;  VARIETIES  OF  GRAIN,  TOOLS  EMPLOYED 
AND  METHODS  OF  MANIPULATION,  PRELIMINARY  STAGES  AND  FINISHED  SPECIMEN.— 
34.  35.  36.  WAULSORT  MARBLE;  VARIETIES  OF  GRAIN,  UNFINISHED  AND  FINISHED 
SPECIMENS. 

"  Those  who  desire  to  attain  skill  In  the  art  of  painting  woods  and  marbles  will  find  advantage 
in  consulting  this  book.  .  .  .  Some  of  the  Working  Men's  Clubs  should  give  their  young  men 
the  opportunity  to  study  it."— Builder. 

"  A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation 
and  management  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to 
the  student  who  aims  at  making  his  work  a  faithful  transcript  of  nitute."—Bui!din£  News. 

"  Students  and  novices  are  fortunate  who  are  able  to  become  the  possessors  of  so  noble  a 
work." — The  Architect. 

HOUSE    PAINTING,    GRAINING,    MARBLING,  AND 

51GN  WRITING: 

With  a  Course  of  Elementary  Drawing,  and  a  Collection  of  Useful  Receipts. 
By  E.  A.  Davidson.  Ninth  Edition.  Coloured  Plates.  Cr.  8vo,  cloth  .  5/0 
***  The  above,  in  cloth  boards,  strongly  bo,nnd,  6/0- 
"  A  mass  of  information  of  use  to  the  amateur  and  of  value  to  the  practical  man."— JSn£-ffs/i 
Mechanic. 

ELEMENTARY  DECORATION: 

As  Applied  to  Dwelling-Houses,  &c.  By  J.  W.  Facey.  Cr.  8vo,  cloth  2/0 

"  Tlie  principles  wliich  ought  to  guide  the  decoration  of  dwelling-houses  are  clearly  set 
forth,  and  elucidated  by  examples  ;  while  full  instructions  are  given  to  the  \e3.nKr:'— Scotsman. 

PRACTICAL  HOUSE  DECORATION. 

A  Guide  to  the  Art  of  Ornamental  Painting,  the  arrangement  of  Colours  in 
Apartments,  and  the  Principles  of  Decorative  Design.    By  James  W. 

Facey.    Crown  8vo,  cloth  2^6 

***  The  last  two  works  in  One  handsome  Vol.,  half-bound,  entitled  "House 
Decoration,  Elementary  and  Practical,"  price  5/0> 

ORNAMENTAL  ALPHABETS,  ANCIENT  &  MEDI/EVAL. 

From  the  Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text, 
large  and  small,  German,  Italian,  Arabesque,  Initials  for  Illumination, 
Monograms,  Crosses,  &c.,  for  the  use  of  Architectural  and  Engineering 
Draughtsmen,  Missal  Painters,  Masons,  Decorative  Painters,  Lithographers, 
Engravers,  Carvers,  &c.,  &c.  Collected  and  Engraved  by  F.  Delamottk, 
and  printed  in  Colours.     New  and  Cheaper  Edition.     Royal  8vo,  oblong, 

ornamental  boards  2/6 

"  For  those  who  Insert  enamelled  sentences  round  glided  chalices,  who  blazon  shop  legends 

(>v«  shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  be 

useiul.  "—A  themzum. 
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MODERN  ALPHABETS,  PLAIN  AND  ORNAMENTAL. 

Including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand  Engrossing,  Tuscan.  Riband,  Gothic,  Rustic,  and  Arabesque  ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen, 
Surveyors,  Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers, 
&c.  Collected  and  Engraved  by  F.  Delamotte,  and  printed  in  Colours. 
New  and  Cheaper  Edition.  Roval  8vo,  oblong,  ornamental  boards  .  2/6 
"There  is  comprised  in  it  every  possible  sliape  into  wiiicii  the  letters  of  the  alphabet  and 

numerals  can  be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various 

plain  and  ornamental  letters  is  wonderful."— 5te«rf«rrf. 

MEDIAEVAL   ALPHABETS    AND  INITIALS. 

By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated  Title,  printed 
in  Gold  and  Colours.    With  an  Introduction  by  J.  Willis  Brooks.  Fifth 

Edition.    Small  410,  ornamental  boards  Ifei  £/0 

"A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the 
colours  of  the  prism  interwoven  and  intertwined  and  intermingled."— Skm. 


A  PRIMER  OF  THE  ART  OF  ILLUMINATION. 

For  the  Use  of  Beginners  ;  with  a  Rudimentary  Treatise  on  the  Art,  Practical 
Directions  for  its  Exercise,  and  Examples  taken  from  Illuminated  MSS., 
printed  in  Gold  and  Colours.    By  F.  Delamotte.    New  and  Cheaper 

Edition.    Small  4to,  ornamental  boards  6/0 

"  The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense, 

the  author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge  as 

well  as  taste." — Atkenaum. 

THE  EMBROIDERER'S  BOOK  OF  DESIGN. 

Containing  Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders, 
Ecclesiastical  Devices,  Mediaeval  and  Modern  Alphabets,  and  National 
Emblems.    Collected  by  F.  Delamotte,  and  printed  in  Colours.  Oblong 

royal  8vo,  ornamental  wrapper  2fet  2/0 

"  The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with 
the  art  of  plying  the  needle  in  this  most  ornamental  and  useful  ^lony  yioiV.."— East  Aneiian  Times. 

MARBLE  DECORATION 

.A.nd  the  Termindlogy  of  British  and  Foreign  Marbles.  A  Handbook  for 
Students.  By  George  H.  Blagrove,  Author  of  "  Shoring  and  its  Applica- 
tion," &c.    With  28  Illustrations.    Crown  8vo,  cloth      ....  3/6 

"  This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 
buWAsx."— Building  H'orld. 

"A  carefully  and  usefully  written  treatise  ;  the  work  is  essentially  practical."— S£-<itf>«a«. 

THE  DECORATOR'S  ASSISTANT. 

A  Modern  Guide  for  Decorative  Artists  and  Amateurs,  Painters,  Writers, 
Gilders,  &c.  Containing  upwards  of  600  Receipts,  Rules,  and  Instructions  ; 
with  a  variety  of  Information  for  General  Work  connected  with  every  Class  of 
Interior  and  Exterior  Decorations,  &c.  Eighth  Edition.  Cr.  8vo  .  1  /O 
"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.    The  book  contains  the  gist  of 

larger  treatises  on  colour  and  technical  processes.    It  would  be  difficult  to  meet  with  a  work  so  full 

of  vaned  information  on  the  painter's  iitt."— Building  News. 

GRAMMAR  OF  COLOURING. 

Applied  to  Decorative  Painting  and  the  Arts.    By  G.  Field.    New  Edition, 
ealarged  by  E.  A.  Davidson.  With  Coloured  Plates.  Crown  8vo,  cloth  3/0 
•'  The  book  is  the  most  useful  re'siim/ of  the  propertias  of  pigments."— BuiMer. 

ART  OF  LETTER  PAINTING  MADE  EASY. 

By  J.  G.  Badenoch.  With  12  full-page  Engravings  of  Examples.  Cr.  avo  1  /6 
"Any  intelligent  lad  wlio  fails  to  turn  uut  decent  work  after  stiKhiiiL'  this  system  has 
mistaken  his  vocation."— j^/z^/ij/i  Ma  lianic. 
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PAINTING  POPULARLY  EXPLAINED. 

By  Thomas  John  Gullick,  Painter,  and  John  Timbs,  F.S.A.  Including 
Fresco,  Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic 
Miniature,  Painting  on  Ivory,  Vellum,  Pottery,  Enamel,  Glass,  &c.  Sixth 

Edition.    Crown  8vo,  cloth  •  5/0 

*i*  Adopted  as  a  Prize  Book  at  South  Kensington. 
"  Much  may  be  learned,  even  by  tliose  who  fancy  they  do  not  require  to  be  taught,  from  the 
careful  perusal  of  this  unpretending-  but  comprehensive  treatise."— ^j-;  Journal. 

GLASS  STAINING,  AND  PAINTING  ON  GLASS. 

From  the  German  of  Dr.  Gessert  and  Emanuel  Otto  Fromberg.  With 
an  Appendix  on  The  Art  of  Enamelling.    Crown  8vo,  cloth     .       .  2/6 

WOOD-CARVING  FOR  AMATEURS. 

With  Hints  on  Design.    By  A  Lady.    With  10  Plates.    New  and  Cheaper 
Edition.    Crown  8vo,  in  emblematic  wrapper  2/0 
"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  It,  may  be  learnt  from  •  A 
Ladys  pubhcation.  — Athenxum. 


NATURAL  SCIENCE,  ETC. 
THE  VISIBLE  UNIVERSE. 

Chapters  on  the  Origin  and  Construction  of  the  Heavens.  By  J.  E.  Gore, 
F.R.A.S.,  Author  of  "  Star  Groups,"  &c.  Illustrated  by  6  Stellar  Photographs 
and  12  Plates.    Demy  8vo,  cloth    ....  ■\  g/Q 

STAR  GROUPS. 

A  Student's  Guide  to  the  Constellations.  By  J.  Ellard  Gore,  F.R.A.S., 
M.R.I. A.,  &c.,  Author  of  "The  Visible  Universe,"  "The  Scenery  of  the 
Heavens,"  &c.    With  30  Maps.    Small  410,  cloth  5/0 

AN  ASTRONOMICAL  GLOSSARY. 

Or,  Dictionary  of  Terms  used  in  Astronomy.  With  Tables  of  Data  and  Lists 
of  Remarkable  and  Interesting  Celestial  Objects.  By  J.  Ellard  Gore, 
F.R.A.S.,  Author  of  "  The  Visible  Universe,"  &c.    Small  crown  8vo,  cloth. 

ASTRONOMY. 

By  the  late  Rev.  R.  Main,  M.A.,  F.R.S.  Third  Edition,  revised  by 
William  Thynne  Lynn,  B.A.,F.R.A.S.    Crown  8vo,  cloth      .      .  2/0 

"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  besriiuiers."— 
K)iowU<ijye. 

THE  MICROSCOPE. 

Its  Construction  and  Management.  Including  Technique,  Photo-micrography, 
and  the  Past  and  Future  of  the  Microscope.  By  Dr.  Henri  van  Heurck. 
Re-Edited  and  Augmented  from  the  Fourth  French  Edition,  and  Translated 
by  Wynne  E.  Baxter,  F.G.S.    Imp.  8vo,  cloth     ....  18/0 

MANUAL  OF  THE  MOLLUSCA  : 

A  Treatise  on  Recent  and  Fossil  Shells.  By  Dr.  S.  P.  Woodward,  A.L.S. 
With  Appendix  by  Ralph  Tate,  A.L.S.,  F.G.S.    With  numerous  Plates 

and  300  Woodcuts.    Crown  8vo,  cloth  7/Q 

'■  A  storehouse  of  conchological  and  geological  information."— A^ara/t-Xr'j  Science  Gossip. 

THE  TWIN  RECORDS  OF  CREATION. 

Or,  Geology  and  Genesis,  their  Perfect  Harmony  and  Wonderful  Concord. 
By  G.  W.  V.  LK  Vaux.    8vo,  cloth  5/O 

LARDNER'S  HANDBOOKS  OF  SCIENCE. 
HANDBOOK  OF  MECHANICS. 

Enlarged  and  re-written  by  B.  Loewy,  F.R.A.S.   Post  8vo,  cloth    .  6/0 

HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

Revised  and  Enlarged  by  B.  Loewy,  F.R.A.S.    Post  8vo,  cloth       .  6/0 

HANDBOOK  OF  HEAT. 

Edited  and  re-written  by  B.  Loewy,  F.R.A.S.    Post  8vo,  cloth         ,  6/0 
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LARDNER'S  HANDBOOKS  OF  SC\BNCB— continued. 
HANDBOOK  OF  OPTICS. 

New  Edition.  Edited  by  T.  Olver  Harding,  B.A.  Small  8vo,  cloth  6/0 

ELECTRICITY,  MAGNETISM,  AND  ACOUSTICS. 

Edited  by  Geo.  C.  Foster,  B.A.    Small  8vo,  cloth  ....  6/0 

HANDBOOK  OF  ASTRONOMY. 

Revised  and  Edited  by  Edwin  DoNKiN,  F.R.A.S.    8vo,  cloth  .       .  9/6 

MU5EUM  OF  SCIENCE  AND  ART. 

With  upwards  of  1, 200  Engravings.  In  Six  Double  Volumes,  £1  I  s.  Cloth, 
or  half-morocco  » '    lis.  Do. 

NATURAL  PHILOSOPHY  FOR  SCHOOLS  .  .  3/6 
ANIMAL  PHYSIOLOGY  FOR  SCHOOLS  .  3/6 

THE  ELECTRIC  TELEGRAPH. 

Revised  by  E.  B.  Bright,  F.R.A.S.    Fcap.  8vo,  cloth  •  2/6 


CHEMICAL  MANUFACTURES, 
CHEMISTRY,  ETC. 


THE  OIL  FIELDS  OF  RUSSIA  AND  THE  RUSSIAN 

PETROLEUM  INDUSTRY. 

A  Practical  Handbook  on  the  Exploration,  Exploitation,  and  Management 
of  Russian  Oil  Properties,  including  Notes  on  the  Origin  of  Petroleum  in 
Russia,  a  Description  of  the  Theory  and  Practice  of  Liquid  Fuel,  and  a 
Translation  of  the  Rules  and  Regulations  concerning  Russian  Oil  Properties. 
By  A.  Beeby  Thompson,  A.M.I.M.E.,  late  Chief  Engineer  and  Manager  of  the 
European  Petroleum  Company's  Russian  Oil  Properties.  About  500  pp.,  with 
numerous  Illustrations  and  Photographic  Plates,  and  a  Map  of  the  Balakhany- 
Saboontchy-Romany  Oil  Field.  Super-royal  Bvo,  cloth  .  .  Net  £3  3s. 
"  A  careful  and  conipieliensive  study  of  the  conditions  of  tlie  industry.  The  work  is  very 
valuable,  and  should  undoubtedly  be  the  standard  authority  on  Baku  for  some  time  to  come.  — 

THE  ANALYSIS  OF  OILS  AND  ALLIED  SUBSTANCES. 

By  A.  C.  Wright,  M.A.Oxon.,  B.Sc.Lond.,  formerly  Assistant  Lecturer  in 
Chemistry  at  the  Yorkshire  College,  Leeds,  and  Lecturer  in  Chemistry  at  the 
Hull  Technical  School.    Demy  Bvo,  cloth  Wei  g/O 

A  HANDYBOOK  FOR  BREWERS. 

Being  a  Practical  Guide  to  the  Art  of  Brewing  and  Malting.  Embracing  the 
Conclusions  of  Modern  Research  which  bear  upon  the  Practice  of  Brewing. 
By  Herbert  Edwards  Wright,  M.A.  Second  Edition,  Enlarged.  Crowm 
Bvo,  530  pp.,  cloth  12/6 

"  May  be  consulted  with  advantage  by  the  student  who  is  preparing  himself  for  examinational 
tests,  while  the  scientific  brewer  will  find  in  it  a  risunU  of  aU  the  most  important  discoveries  of 
modern  times.  The  work  is  written  throughout  in  a  clear  and  concise  mariner  and  the  author 
takes  great  care  to  discriminate  between  vague  theories  and  weU-established  facts.  —Brewers 
Joumal^^  have  great  pleasure  in  recommending  this  handy  book,  and  have  no  hesitation  In  saying 
that  It  Is  one  of  the  best-if  not  the  best-which  has  yet  been  written  on  the  siibject  of  beer-brewing 
in  this  country;  It  should  have  a  place  on  the  shelves  of  every  brewers  hbrary.  —Urewers 
Guardian, 

A  POCKET-BOOK  OF  MENSURATION  AND  GAUGING. 

Containing  Tables,  Rules,  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.    By  J.  B.  Mant,  Inland  Revenue.    Second  Edition, 

Revised.    i8mo,  leather  4/0 

"  Should  be  in  the  hands  of  every  practical  brewer."— SrrB/e;  ,!  yournal. 
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THE  OAS  ENGINEER'S  POCKET-BOOK. 

Comprising  Tables,  Notes  and  Memoranda  relating  to  the  Manufacture 
distribution  and  Use  of  Coal  Gas  and  the  Construction  of  Gas  Works.  Bv 
Second  Edition,  Revised.  470  pp.,  crown  8vo. 

fully  Illustrated,  leather   .       .  10/6 

S^^^  book  contains  a  vast  amount  of  information.  Tlie  author  goes  consecutively  through 
^.f V^fL  i'^  '^11'"','  ""^  practical  methods  involved  in  each  of  the  different  processes  or  parts 
absol!telyTterest"elo  re?d"?-^^^  ""^'"^  ^  compUation  of  hard  matters  ofV. 

,r,,^tSr.Zu^  volume  contains  a  great  quantity  of  specialised  Information,  complied,  we  believe,  from 
produced  "-i^J^S'Jr"''  "  considerable  value  to  those  for  whoi  It  is  specifically 

LIGHTING  BY  ACETYLENE 

Generators,  Burners,  and  Electric  Furnaces.  By  William  E.  Gibbs,  M.E. 
With  66  Illustrations.    Crown  8vo,  cloth  y/g 

ENGINEERING  CHEMISTRY. 

A  Practical  Treatise  for  the  Use  of  Analytical  Chemists,  Engineers,  Iron 
Masters,  Iron  Founders,  Students  and  others.  Comprising  Methods  of  Analysis 
and  Valuation  of  the  Principal  Materials  used  in  Engineering  Work,  with 
numerous  Analyses,  Examples  and  Suggestions.  By  H.  Joshua  Phillips, 
•  L        ^^"^^    Third  Edition,  Revised  and  Enlarged.    Crown  8vo,  420  pp., 

with  Plates  and  other  Illustrations,  cloth  iVe^  1 0/6 

t*^^,  .has  rendered  no  small  service  to  a  numerous  body  of  practical 

H»,!I;=;^'      •  ^"alytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 
despatch  required  of  engineering  chemists  permits."— CA«»«Va,;A'«a/j  s 
^^^i.   The  analytical  methods  given  are,  as  a  whole,  such  as  are  likely  to  give  rapid  and  trust- 
fh^^h^  f    '^'.'V^,''P*"f';'=^^^^"?^•,•  •  •  There  is  much  exceUent  descriptive  matter  in  the  work 
the  Chapter  on  Oils  and  Lubrication  being  specially  noticeable  in  this  respect.'  — 

NITRO-EXPLOSIVES. 

\  '^J?<=''cal  Treatise  concerning  the  Properties,  Manufacture,  and  Analysis 
of  Nitrated  Substances,  including  the  Fulminates,  Smokeless  Powders,  and 
Celluloid^  By  P.  Gerald  Sanford,  F.  I. C,  Consulting  Chemist  to  the  Cotton 
Fowder  Company,  Limited,  &c.  With  Illustrations.  Crown  8vo,  cloth.  9/0 
eoes  s't'e^HL°fhlof  Jh'X,?\'?''V^°°''/     7^'^^  found  just  what  Is  wanted.    Mr.  Sanford 

fnH  f^li!  K  V^?  *^  ""^"'^  i'^'  of  explosives  commonly  used,  he  names  any  given  explosive, 

ana  tells  us  of  what  it  is  composed  and  how  it  is  manufactured.  The  book  is  excellent."— £«f.-«<«r. 

A  HANDBOOK  ON  MODERN  EXPLOSIVES. 

xT-^''^^',"^^'  Treatise  on  the  Manufacture  and  Use  of  Dynamite,  Gun-Cotton, 
w-'l^'^u^*^^""*  Explosive  Compounds,  including  Collodion-Cotton. 
With  Chapters  on  Explosives  in  Practical  Application.  By  M.  Eissler,  M.E. 
Sjecond  Edition,  Enlarged.    Crown  8vo  cloth  1 2/6 

and  blasigtirp^s^s:  °'  "''•""^'^^^  ^'"P'o^^'^ 

DANGEROUS  GOODS. 

Their  Sources  and  Properties,  Modes  of  Storage  and  Transport  With  Notes 
and  Comments  on  Accidents  arising  therefrom.  A  Guide  for  the  Use  of 
Government  and  Railway  Officials,  Steamship  Owners,  &c.  By  H.  Joshua 
Phillips,  F.I.C.  F.C.S.  Crown  8vo,  374  pp.,  cloth  .  ...  g/Q 
"  Merits  a  wide  circulation,  and  an  InteUigent,  appreciative  study. "-CA^wica^  News. 

A  MANUAL  OF  THE  ALKALI  TRADE. 

Including  the  Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching 
Powder.    By  John  Lomas,  Alkali  Manufacturer.     With  232  Illustrations 
and  Working  Drawings.   Second  Edition,  with  Additions.    Super-royal  8vo, 
•        •,  «1  108. 

,,n  i„  K^J®     ?  not  merely  a  sound  and  luminous  explanation  of  the  chemical  principles  of  the 
a  notice  of  numerous  matters  which  have  a  most  important  bearing  on  the  successful 
^mn\Qrs°lc^m,^a'^jT^^  ^'^  generally  overlooked  by  even  experienced  technological 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  Etc. 

Containing  all  known  Methods  of  Anhydrous  Analysis,   many  Working 
Examples,  and  Instructions  for  Making  Apparatus.    By  Lieut. -Colonel  W.  A. 
^  Ross,  R.A.,  F.G.S.    Second  Edition,  Enlarged.    Crown  8vo,  cloth    .  6/0 
.1.     •'       ""dent  who  goes  conscientiously  through  the  course  of  experimentation  here  laid  down 
wlU  gam  a  better  insight  into  inorganic  chemistry  and  mineralogy  than  if  he  had  '  got  up '  any  of  the 
Ijcst  text-books  of  the  day,  and  passed  any  number  of  examinations  in  their  contents."— CAewjjVa/ 
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THE  MANUAL  OF  COLOURS  AND  DYE-WARE5. 

Their  Properties,  Applications,  Valuations,  Impurities  and  Sophistications. 
For  the  Use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater. 
Second  Edition,  Revised  and  greatly  Enlarged.    Crown  8vo,  cloth       .  7/6 
"  There  Is  no  other  work  which  covers  precisely  the  same  ground.   To  students  preparine 
for  examinations  in  dyeing  and  printing  it  wiU  prove  exceedingly  useful."— CA*»<«<ra/  News. 

THE  ARTISTS*  MANUAL  OF  PIGMENTS. 

Showing  their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and 
Adulterations,  &c.,  with  Tests  of  Purity.     By  H.  C.  Standage.  Third 

Edition.     Crown  8vo,  cloth  2/6 

"This  work  is  indeed  multum-in-parvo,  and  we  can,  with  good  conscience,  recommend  it  to 
11  who  come  In  contact  with  pigments,  whether  as  makers,  dealers,  or  users."— Chemical  Kevtew. 


INDUSTRIAL    ARTS,    TRADES,  AND 
MANUFACTURES. 


THE  CULTIVATION   AND    PREPARATION   OF  PARA 

RUBBER 

By  W.  H.  Johnson,  F.L.S.,  F  R.H.S.,  Director  of  Agriculture,  Gold  Coast 
Colony,  West  Africa,  Commissioned  by  Government  in  1902  to  visit  Ceylon  to 
Study  the  Methods  employed  there  in  the  Cultivation  and  Preparation  of 
Para  Rubber  and  other  Agricultural  Staples  for  Market,  with  a  view  to  Intro- 
duce them  into  West  Africa.    Demy  8vo,  cloth       ....    JVet  7/6 

SUMMARY  OF  Contents:  — INTRODUCTORY.  —IHB  PARA  RUBBER  TREE  tHevea 
UrasilieKsis)  AT  HOME  AND  ABROAD.-CULTI VATION  OF  THE  TREE  :-PROPAGATION.- 
SITE  FOR  PLANTATION.-DISTANCE  APART  TO  PLANT  THE  TREES. -TRANSPLANTING.- 
CULTIVATION.— INSECT  PUSTS  AND  FUNGOID  DISEASES.— COLLECTING  THE  RUBBER: 

—  Various  Methods  Employed  in  Tapping  rubber  Trees.  —  Flow  of  Late.x 

INCREASED  BY  WOUNDING  THE  TREE.-HOW  TO  TAP. -THE  PREPARATION  OF  RUBBER 

FROM  THE  L  vTEX  ■— Latex.— VARIOUS  Methods  employed  in  thf.  preparation  op 

RUBBFR.— SUGGESTED  METHOD  FOR  PREPARING  RUBBER.— SCRAP  RUBBER  -YIELD  OF 
PARA  RUBBER  FROM  CULTIVATED  TREES  :-CEYLON.— MALAY  PENINSULA.— GOLD  COASl , 
WEST  AFRICA.— ESTABLISHMENT  AND  MAINTENANCE  OF  A  PARA  RUBBER  PLANTATION  :— 
CEYLON.— MALAY  PENINSULA.— COMMERCIAL  VALUE  OF  THE  OIL  IN  HEVEA  SEEDS. 

"The  Author  docs  not  claim  that  the  book  is  more  than  a  collection  of  information  gathered 
from  various  sources;  as  such  it  is  e-scellent,  and  will  undoubtedly  serve  a  very  useful  purpose.  — 
India  Rubber  journal.  • 

RUBBER  HAND  STAMPS 

And  the  Manipulation  of  Rubber.  A  Practical  Treatise  on  the  Manufacture  of 
Indiarubber  Hand  Stamps,  Small  Articles  of  Indiarubber,  The  Hektograph, 
Special  Inks,  Cements,  and  Allied  Subjects.  By  T.  O'Conor  Sloane,  A.M^ 
Ph.D.    With  numerous  Illustrations.    Square  8vo,  cloth.       .       .       .  6/0 

PRACTICAL  PAPER-MAKING. 

A  Manual  for  Paper-Makers  and  Owners  and  Managers  of  Paper-Mills.  With 
Tables,  Calculations,  &c.    By  G.  Clapperton,  Paper-Maker.    With  Illus- 
trations of  Fibres  from  Micro-Photographs.    Crown  8vo,  cloth      .  6/0 
"  The  author  caters  for  the  requirements  of  responsible  miU  hands,  apprentices,  &c.,  whilst 
his  manual  will  be  found  of  great  service  to  students  of  technology,  as  well  as  to  veteran  P?pei- 
makers  and  mill  owners.    The  illustrations  form  an  excellent  feature."— TAe  IVorld  s  Paper  1  racte 
Review. 

THE  ART  OF  PAPER-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Paper  from  Rags,  Esparto, 
Straw,  and  other  Fibrous  Materials.    Including  the  Manufacture  of  Pulp  from 
Wood  Fibre,  with  a  Description  of  the  Machinery  and  Appliances  used.  To 
which  are  added  Details  of  Processes  for  Recovering  Soda  from  Waste  Liquors. 
By  Alexander  Watt.    With  Illustrations.    Crown  Svo,  cloth  .       .  7/6 
"  It  may  be  regarded  as  tha  standard  work  on  the  subject.    The  book  Is  full  of  valuable 
iuformation,    The  'Art  of  Paper-Making'  is  in  every  respect  a  model  of  a  text-book,  «ith«r  for  a 
technical  class,  or  for  the  private  student."— Pa/o-  and  Printing  Trades  journal. 

A  TREATISE  ON  PAPER. 

For  Printers  and  Stationers.  With  an  Outline  of  Paper  Manufacture ;  Complete 
Tables  of  Sizes,  and  Specimens  of  Different  Kinds  of  Paper.  By  Richard 
Parkinson,  late  of  the  Manchester  Technical  School.  Demy  Svo,  cloth  3/6 


INDUSTRIAL  AND  USEFUL  ARTS. 


THE  ART  OF  SOAP-MAKINQ. 

A  Practical  Handbook  of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet 
Soaps,  &c.  Including  many  New  Processes,  and  a  Chapter  on  the  Recovery  of 
Glycerine  from  Waste  Leys.  By  Alexander  Watt.  Sixth  Edition, 
including  an  Appendix  on  Modern  Candlemaking.  Crown  8vo,  cloth  7/6 
"  A  thoroughly  practical  treatise.  We  congratulate  the  author  on  the  success  of  his  endeavour 
to  fill  ■  void  in  English  technical  literature." — Nature. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  but  to  the 
practical  soap  boiler  wiio  wishes  to  understand  the  theory  of  his  an."— Chemical  News. 

PRACTICAL  TANNING. 

A  Handbook  of  Modern  Processes,  Receipts,  and  Suggestions  for  the  Treatment 
of  Hides,  Skins,  and  Pelts  of  every  Description.  By  L.  A.  Flemming, 
American  Tanner.    472  pages.    8vo,  cloth  Nei  25/0 

THE  ART  OF  LEATHER  MANUFACTURE. 

A  Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  and  the  Principles  of  Tannin?  Explained. 
Together  with  a  Description  of  the  Arts  of  Glue  Boiling,  Gut  Dressing,  &c. 
By  Alexander  Watt.    Fifth  Edition,  thoroughly  Revised  and  Enlarged, 

8vo,  cloth  Nearly  ready.    Pnce  about  1  0/6  wet. 

"  A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.    The  book  is  an  eminently 

valuable  production,  -which,  redounds  to  the  credit  of  both  author  and  publishers."— CA<»««'f<i^ 

RevzeTu. 

ART  OF  BOOT  AND  SHOEMAKINQ, 

Including  Measurement,  Last-fitting,  Cutting-out,  Closing  and  Making 
with  a  Description  of  the  most  Approved  Machinery  employed.    By  J.  B. 

Lend.    Crown  8vo,  cloth  2/0 

"  By  far  tlie  best  worK  ever  written  on  the  subject."— Ste^toA  Leather  Trader. 

COTTON  MANUFACTURE. 

A  Manual  of  Practical  Instruction  of  the  Processes  of  Opening,  Carding, 
Combing,  Drawing,  Doubling  and  Spinning  of  Cotton,  the  Methods  of 
Dyeing,  &c.  For  the  Use  of  Operatives,  Overlookers,  and  Manufacturers. 
By  John  Lister,  Technical  Instructor,  Pendleton.    Bvo,  cloth    .       .  7/6 

"  A  distinct  advance  in  the  literature  of  cotton  manufacture."— ^/acAniiry. 

"It  is  thoroughly  reliable,  fulfiUing  nearly  all  the  requirements  A&Aied." -Glasgoiu  Herald. 

WATCH  REPAIRING,  CLEANING,  AND  ADJUSTING. 

A  Practical  Handbook  dealing  with  the  Materials  and  Tools  Used,  and  the 
Methods  of  Repairing,  Cleaning,  Altering,  and  Adjusting  all  kinds  of  English 
and  Foreign  Watches,  Repeaters,  Chronographs  and  Marine  Chronometers. 
By  F.  J.  Garrard,  Springer  and  Adjuster  of  Marine  Chronometers  and  Deck 
Watches  for  the  Admiralty.    With  over  200  Illustrations.    Crown  Bvo,  cloth. 

Net  4^16 

MODERN  HOROLOGY,  IN  THEORY  AND  PRACTICE. 

Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the  School 
of  Horology  at  Macon,  by  Julien  Tripplin,  F.R.A.S.,  Besangon  Watch 
Manufacturer,  and  Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With 
Seventy-eight  Woodcuts  and  Twenty-two  Coloured  Copper  Plates.  Second 
Edition.    Super-royal  8vo,  £2  28.  cloth  ;  half-calf  .       .       .    £2  lOs. 
"  There  is  no  horologicai  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 
tion of  M.  Saunier's  for  clearness  and  completeness.    It  is  alike  good  as  a  guide  for  the  student  and 
as  a  reference  for  the  experienced  horologist  and  skilled  vtorkman."—fforolO£ical  youtnal. 

"  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  EngUsh  brethren 
—In  fact,  the  Book  of  Books  is  M.  Saunier's  '  TresXise."'—ffatch-Maier,  yeweller.and  Sihjersniith . 

THE  WATCHMAKER'S  HANDBOOK. 

Intended  as  a  Workshop  Companion  for  those  engaged  in  Watchmaking  and 
the  Allied  Mechanical  Arts.  Translated  from  the  French  of  Claudius 
Saunier,  and  enlarged  by  Julien  Tripplin,  F.R.A.S.,  and  Edward  Rigg, 
M. A.,  Assayer  in  the  Roj'al  Mint.  Fourth  Edition.  Cr.  8vo,  cloth  .  9/0 
"  Each  part  is  trulv  a  treatise  in  itself.  The  arrangement  is  good  and  tlie  language  Is  clear 
and  concise.    It  is  an  admirable  guide  for  the  young  watchmaker."— £K^K«n'K^. 


46       CROSBY  LOCKWOOD  &>  SON'S  CATALOGUE. 


CLOCKS,  WATCHE5,  &  BELL5  for  PUBLIC  PURPOSES. 

A  Rudimentary  Treatise.     By  Edmund  Beckett,  Lord  Grimthorpe, 
LL.D.,  K.C.,  F.R.A.S.    Eighth  Edition,  with  new  List  of  Great  Bells  and 
an  Appendix  on  Weathercocks.    Crown  8vo,  cloth      ....  4/6 
The  above,  handsomely  bound,  Cloth  Boards,  5/6. 
"  The  best  work  on  the  subject  probably  extrmt.    The  treatise  on  bells  is  undoubtedly  the 
best  in  the  language," — hngincei  iui;, 

"  The  only  modern  treatise  on  clock-making." — HoroLo<iical  yoitrnaL 

HISTORY  OF  WATCHES  &  OTHER  TIMEKEEPERS. 

By  James  F.  Kendal,  M.B.H.  Inst.    1 /6  boards  ;  or  cloth,  gilt       .  2/6 
"The  best  which  has  yet  appeared  on  this  subject  in  the  English  language."— /«rf«x/n«. 
"  Open  the  book  where  you  may,  there  is  interesting  matter  in  it  concerning  the  Ingenious 
devices  of  the  ancient  or  modem  horologer." — Saturday  Review. 

ELECTRO  PLATING  &  ELECTRO-REFINING  of  METALS. 

Being  a  new  edition  of  Alexander  Watt's  "Electro-Deposition."  Re- 
vised and  Largely  Rewritten  by  Arnold  Philip,  B.Sc,  A.LE.E.,  Principal 
Assistant  to  the  Admiralty  Chemist.    Large  Crown  8vo,  cloth     .    Net  "i^lQ 
"  Altogether  the  work  can  be  highly  recommended  to  every  electro  plater,  and  is  of  un- 
doubted interest  to  every  electro-raetallurgist."— ij/urfwo/  Review. 

"  Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  practical 
descriptions  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  workshop  '— 
/^/ij^ineer^ 

ELECTROPLATING. 

A  Practical  Handbook  on  the  Deposition  of  Copper,  Silver,  Nickel,  Gold, 
Aluminium,  Brass,  Platinum,  &c.,  &c.     By  J.  W.  Urquhart  C.E.  Fifth 

Edition,  Revised.    Crown  8vo,  cloth  6/0 

"An  excellent  practical  mamal."— Engineering. 

"  An  excellent  work,  giving  the  newest  information." — Horolosrical  Journal. 

ELECTRO=METALLURQY, 

Practically  Treated.  By  Alexander  Watt.  Tenth  Edition,  enlarged  and 
revised.     With  Additional  Illustrations,  and  including  the  most  Recent 

Processes.    Crown  8vo,  cloth  3/6 

"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary."— /n^;;. 

GOLDSMITH'S  HANDBOOK, 

Containing  full  Instructions  in  the  Art  of  Alloying,  Melting,  Reducing, 
Colouring,  Collecting,  and  Refining.  The  processes  of  Manipulation, 
Recovery  of  Waste,  Chemical  and  Physical  Properties  of  Gold;  Solders, 


Enamels,  and  other  useful  Rules  and  Recipes,  &c.    By  George  E.  Gee, 

Sixth  Edition.    Crown  8vo,  cloth  3/0 

"  A  good,  sound,  technical  educator." — Horologu  at  yournal. 

SILVERSMITH'S  HANDBOOK, 

On  the  same  plan  as  the  above.  By  George  E.  Gee.  Third  Edition. 
Crown  8vo,  cloth  3/0 


"  A  valuable  seciuel  to  the  author's  '  Practical  Goldworker '  "—Sihicysiuillis  Trade  yoitrnat. 
*^,*  The  two  preceding  Works,  in  One  handsome  Volume,  half-bound,  entitled 
"The  Goldsmith's  and  Silversmith's  Co.mpletk  Handbook,"  7/0- 

JEWELLER'S  ASSISTANT  IN  WORKING    IN  GOLD. 

A  Practical  Treatise  for  Masters  and  Workmen,  Compiled  from  the  Experience 
of  Thirty  Years' Workshop  Practice.    By  George  E.  Gee.    Crown  Svo.  7/6 
"  This  manual  of  technical  education  Is  apparently  destined  to  be  a  valuable  auxiliary  to  a 
handicraft  which  is  certainly  capable  nf  gfreat  improvement  " — The  Tiiftes. 

HALL=MARKINQ  OF  JEWELLERY. 

Comprising  an  account  of  all  the  different  Assay  Towns  of  the  United 
Kingdom,  with  the  Stamps  at  present  employed ;  also  the  Laws  relating  to 
the  Standards  and  Hall-marks  at  the  various  Assay  Offices.  By  George  E. 
Gee.    Crown  Svo,  cloth  3/0 

ELECTROTYPING. 

The  Reproduction  and  Multiplication  of  Printing  Surfaces  and  Works  of  Art 
by  the  Electro-Deposition  of  Metals.  By  J.  W.  Urquhart,  C.E.  Crown  Svo, 

cloth  6/0 

"  The  book  Is  thoroughly  practical ;  the  reader  Is,  therefore,  conducted  through  the  leadi  g 

laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  and  the  depositing 

processes,  up  to  the  final  preparation  of  the  work.  — yir*  youmal. 


INDUSTRIAL  AND  USEFUL  ARTS.  47 
MECHANICAL  DENTISTRY: 

A  Practical  Treatise  on  the  Construction  of  the  Various  Kinds  of  Artifioial 
Dentures,  comprising  also  Useful  Formulae,  Tables  and  Receipts.  By 
C.  Hunter.    Crown  8vo,  cloth  3/q 

BRASS  FOUNDER'S  MANUAL: 

Instructions  for  Modelling,  Pattern  Making,  Moulding,  Turning,  &c.  By 
W.  Graham.    Crown  8vo,  cloth  2/0 

SHEET  METAL  WORKER'S  INSTRUCTOR. 

Comprising  a  Selection  of  Geometrical  Problems  and  Practical  Rules  for 
Describing  the  Various  Patterns  Required  by  Zinc,  Sheet-Iron,  Copper,  and 
Tin-Plate  Workers.  By  Reuben  Henry  Warn,  Practical  Tin-Plate  Worker. 
New  Edition,  Revised  and  greatly  Enlarged  by  Joseph  G.  Horner, 
A.M.I.M.E.    Crovm  8 vo,  254  pp.,  with  430  Illustrations,  cloth     .      .  7/6 

SHEET  METAL=WORKER'S  GUIDE. 

A  Practical  Handbook  for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.,  with 
46  Diagrams  and  Working  Patterns.  By  W.  J.  E.  Crane.  Fourth  Edition. 
Crown  8vo,  Cloth  -j 

■'The  author  has  acquitted  liimself  witli  considerable  tact  in  clioosinfr  liis  examples,  and 
witli  no  less  ability  in  treating  them."— Plti»it>cr. 

OAS  FITTING: 

A  Practical  Handbook.    By  John  Black.    Revised  Edition.    With  130 

Illustrations.    Crown  8vo,  cloth  2/6 

"It  is  written  in  a  simple,  practical  style,  and  we  heartily  recommend  \K."—Plinnber  and 
Decoyator. 

TEA  MACHINERY  AND  TEA  FACTORIES. 

A  Descriptive  Treatise  on  the  Mechanical  Appliances  required  in  the 
Cultivation  of  the  Tea  Plant  and  the  Preparation  of  Tea  for  the  Market.  By 
A.  J.  Wallis-Tavler,  A.M.Inst.C.E.     Medium  8vo,  468  pp.       With  ai8 

Illustrations  Jftt  26/0 

Summary  of  contents. 
Mechanical  Cultivation  or  Tillage  of  the  Soil.— Plucking  or  Gathering 
THE  Leaf.  — TEA  Factories.— the  Dressing,  Manufacture,  or  Preparation 
OF  Tea  by  Mechanical  Means.  —  Artificial  Withering  of  the  Leaf.- 
Machines  for  Rolling  or  Curling  the  Leaf.-Fermenting  Process. - 
Machines  for  the  Automatic  Drying  or  Firing  of  the  Leaf.-Machines  for 
non-automatic  Drying  or  Firing  of  the  leaf.-Drying  or  Firing  Machines. 

-BREAKING    OR  CUTTING,    AND    SORTING    MACHINES.— PACKING    THE  TEA.— MEANS 

of  Transport  on  Tea  Plantations.-Miscellaneous  Machinery  and  Apparatus. 
-Final  Treatment  of  the  Tea.— Tables  and  Memoranda. 

"  The  subject  of  tea  machinery  is  now  one  of  the  first  interest  to  a  laree  class  of  people,  of 
whom  we  strongly  commend  the  •toXv.m^"— Chamber  0/ Commerce  Journal. 

'  Contains  a  very  full  account  of  the  machinery  necessary  forthe  proper  outfit  of  a  factory,  and 
also  a  description  of  the  processes  best  carried  out  by  this  machinery."— y^j^rHa;  Society  o/Arts. 

FLOUR  MANUFACTURE. 

A  Treatise  on  Milling  Science  and  Practice.    By  Friedrich  Kick,  Imperial 
Regierungsrath,  Professor  of  Mechanical  Technology  in  the  Imperial  German 
Polytechnic  Institute,  Prague.    Translated  from  the  Second  Ekilarged  and 
Revised  Edition.    By  H.  H.  P.  Powles,  A.M.Inst.C.E.     400  pp.,  with 
28  Folding  Plates,  and  167  Woodcuts.    Royal  8vo,  cloth       .       .    £1  6| 
-ru     ",J^^^  invaluable  work  is,  and  wUl  remain,  the  standard  authority  on  the  science  of  milling.  .  . '. 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a 
successful  career;   he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.    In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modem  milling  In  good, 
sound  English,  which  has  little.  If  any,  trace  of  the  German  idiom."— 7  A«  Miller. 

The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pzs^s."— Millers'  Gazette 

ORNAMENTAL  CONFECTIONERY. 

A  Guide  for  Bakers,  Confectioners  and  Pastrycooks  ;  including  a  variety  of 
Modern  Recipes,  and  Remarks  on  Decorative  and  Coloured  Work.    With  129 
Original  Designs.   By  Robert  Wells.    Crown  8vo,  cloth     .      .       .  S/Q 
111  "■^  valuable  work,  practical,  and  should  be  In  the  hands  of  every  baker  and  confectioner. 
1  ne  Illustrative  designs  are  worth  treble  the  amount  charged  for  the  viox)^."— Baker's  Times. 

BREAD  &   BISCUIT   BAKER'S  &  SUGAR-BOILER'S 

ASSISTANT. 

Including  a  large  variety  of  Modern  Recipes.    With  Remarks  on  the  Art  of 
Bread-making.  By  Robert  Wells.  Fourth  Edition.  Crown  8vo,  cloth    1  /O 
"A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker.  "—.Sa/wz-rfa^  Review 
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PASTRYCOOK  &  CONFECTIONER'S  GUIDE. 

For  Hotels,  Restaurants,  and  the  Trade  in  general,  adapted  also  for  Family 
Use.    By  R.  Wells,  Author  of  "  The  Bread  and  Biscuit  Baker  "  .  .1/0 
"  We  cannot  speak  too  highly  of  this  really  excellent  work.    In  these  days  of  keen  competition 
out  readers  cannot  do  better  than  purchase  this  book."— Times. 

MODERN  FLOUR  CONFECTIONER. 

Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits,  &c.  With 
remarks  on  the  Ingredients  Used  in  their  Manufacture.    By  R.  Wells  1/0 
"  The  work  is  of  a  decidedly  practical  character,  and  in  every  recipe  regard  is  had  to  economical 
working." — North  British  Daily  Mail. 

SAVOURIES  AND  SWEETS 

Suitable  for  Luncheons  and  Dinners.  By  Miss  M.  L.  Allen  (Mrs.  A. 
Macaire),  Author  of  "  Breakfast  Dishes,"  &c.  Thirtieth  Edition.  F'cap 
8vo,  sewed  1/0 

BREAKFAST  DISHES 

For  Every  Morning  of  Three  Months.  By  Miss  Allen  (Mrs.  A.  Macaire), 
Author  of  "  Savouries  and  Sweets,"  &c.  Twenty-second  Edition.  F'cap  8vo, 
sewed  1/0 

MOTOR  CARS  OR  POWER  CARRIAGES  FOR  COMMON 

ROADS. 

By  A.  J.  Wallis-Tavler,  A.M.Inst.  C.E.    Crown  8vo,  cloth    .      .  4/6 
"A  work  that  an  engineer,  thinking  of  turning  his  attention  to  motor-carriage  work,  would 
do  well  to  read  as  a  preliminary  to  starting  operMmws."— Engineering. 

FRENCH  POLISHING  AND  ENAMELLING. 

A  Practical  Book  of  Instruction,  including  numerous  Recipes  for  making 
Polishes,  Varnishes,  Glaze  Lacquers,  Revivers,  &c.  By  R.  Bitmead. 
Crown  8vo,  cloth  1/6 

CEMENTS,  PASTES,  GLUES,  AND  GUMS. 

A  Guide  to  the  Manufacture  and  Application  of  Agglutinants  for  Workshop, 
Laboratory,  or  Office  Use.    With  goo  Recipes  and  Formulae.    By  H.  C. 

Standage.    Crown  8vo,  cloth  2/0 

"  As  a  revelation  of  what  are  considered  trade  secrets,  this  book  will  arouse  an  amount  of 
curiosity  among  the  large  number  of  industries  it  touches."— Z)aj7j<  Chronicle. 

PRACTICAL  ORGAN  BUILDING. 

By  W.  E.  Dickson,  M.A.,  Precentor  of  Ely  Cathedral.    Second  Edition, 

Revised.    Crown  Svo,  cloth  2/6 

"  The  amateur  builder  will  find  in  this  book  all  that  is  necessary  to  enable  him  personally  to 
construct  a  perfect  organ  with  his  own  hands."— Academy. 

COACH-BUILDING: 

A  Practical  Treatise,  Historical  and  Descriptive.     By  J.  W.  Burgess. 

Crown  Svo,  cloth  2/6 

••This  handbook  will  supply  a  long-felt  want,  not  only  to  manufacturers  themselves,  but 
more  particularly  apprentices,  and  others  connected  with  the  trade  of  coach-building.  —European 
Mail. 

SEWING  MACHINERY. 

Construction,  History,  Adjusting,  &c.   By  J.  W.  Urquhart.    Cr.  Svo  2/0 

WOOD  ENGRAVING: 

A  Practical  and  Easy  Introduction  to  the  Study  of  the  Art.  By  W.  N. 
Brown.    Crown  Svo,  cloth  1/6 

LAUNDRY  MANAGEMENT. 

A  Handbook  for  Use  in  Private  and  Public  Laundries.    Cr.  Svo,  cloth  2/0 
'•This  book  should  certainly  occupy  an  honoured  place  on  the  shelves  of  all  housekeepers 
who  wish  to  keep  themselves  au  courant  of  the  newest  appliances  and  methods.  —The  Queen. 

CONSTRUCTION  OF  DOOR  LOCKS. 

From  the  Papers  of  A.  C.  Hobbs.  Edited  by  Charles  Tomlinson,  F.R.S. 
With  aiNote  upon  Iron  Safes  by  Robert  Mallet.      Cr.  Svo,  cloth  2/6 
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HANDYBOOKS  FOR  HANDICRAFTS. 

BY  PAUL  N.  HASLUCK. 

Author  ot  "  Lathe  Work,"  &c.    Crown  8vo,  144  pp.,  price  is.  each. 

These  Handybooks  have  been  wtitlen  to  supply  injormation  /or  Workmen, 
Students,  and  Amateurs  in  the  several  Handicrafts,  on  the  actual  Practice  0/ 
the  Workshop,  and  are  intended  to  convey  in  plain  language  Technical  Know- 
ledge 0/  the  several  Crafts.  In  describing  the  processes  employed,  and  the  manipu- 
lation of  material,  workshop  terms  are  used ;  workshop  practice  is  fully  explained  ; 
and  the  text  is  freely  illustrated  with  drawings  of  modern  tools,  appliances,  and 
processes. 


METAL  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Foot-Lathe.  With  100  Illnstrations. 

1/0 

"  The  book  will  be  of  service  alike  to  the  amateur  and  the  artisan  turner.  It  displays 
thorough  knowledge  of  the  suhject."— Scotsman. 

WOOD  TURNER'S  HANDYBOOK. 

A  Practical  Manual  for  Workers  at  the  Lathe.    With  over  100  Illustrations. 

1/0 

"  We  recommend  the  book  to  young  turners  and  amateurs.  A  multitude  of  workmen  have 
hitherto  sought  in  vain  for  a  manual  of  this  special  industry."— Mechanical  JVorld, 

WATCH  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repairing,  and  Adjusting.    With  upwards  of 

100  Illustrations  1/0 

"We  strongly  advise  all  young  persons  connected  with  the  watch  trade  to  acquire  and  study 
this  inexpensive  voi\e.."—Clerken-well  Chronicle. 

PATTERN  MAKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Patterns  for  Founders.  With 

upwards  of  100  Illustrations  "1/0 

"  A  most  valuable,  if  not  indispensable  manual  for  the  pattern  rasSnsx." —Knoviltdfre, 

MECHANIC'S  WORKSHOP  HANDYBOOK. 

A  Practical  Manual  on  Mechanical  Manipulation,  embracing  Information 
on  various  Handicraft^  Processes.    With  Useful  Notes  and  Miscellaneous 

Memoranda.    Comprising  about  200  Subjects  1/0 

"  A  very  clever  and  useful  book,  which  should  be  found  In  every  workshop ;  and  It  should 
certainly  find  a  place  in  all  technical  Saturday  Review. 

MODEL  ENGINEER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Construction  of  Model  Steam  Engines.  With 

upwards  of  100  Illustrations  1/0 

"  Mr.  Hasluck  has  produced  a  very  good  little  boo^i.."  —Builder. 

CLOCK  JOBBER'S  HANDYBOOK. 

A  Practical  Manual  on  Cleaning,  Repaiiitig,  and  Adjusting.    With  upwards  of 

100  Illustrations    ,       .  1/0 

"  It  is  of  inestimable  service  to  those  commencing  the  trade."— C<«'««/r>  Standard, 

CABINET  WORKER'S  HANDYBOOK. 

A  Practical  Manual  on  the  Tools,  Materials,  Appliances,  and  Processes 
employed  in  Cabinet  Work.    With  upwards  of  100  Illustrations     .  .1/0 
"Mr.  Hasluck s  thorough-going  little  Handybook  is  amongst  the  most  practical  guides  we 
have  seen  for  beginners  in  cabmet-work." — Saturday  Review. 

WOODWORKER'S  HANDYBOOK. 

Embracing  Information  on  the  Tools,  Materials,  Appliances  and  Processes 
Employed  in  Woodworking.    With  104  Illustrations       .       .      ,  .1/0 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  how  to  do  it,  and 
how  to  convey  his  knowledge  to  others." — Engineering. 

"  Mr.  Hasluck  writes  admirably,  and  gives  complete  Instructions." — Engineer, 

"  Mr.  Hasluck  combines  the  experience  of  a  practical  teacher  with  the  manipulative  skiU  a 
scientific  knowledge  of  processes  of  the  trained  mechanician,  and  the  manuals  are  marvels  of  what 
can  be  produced  at  a  popular  price.  ' — Schoolmaster, 

"  Helpful  to  workmen  of  all  ages  and  degrees  of  experience. "— Daily  Chronicle. 

"  Concise,  clear,  and  practical."— 5art<rd«y  Review. 
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COMMERCE,    COUNTING-HOUSE  WORK, 
TABLES,  ETC. 


LESSONS  IN  COMMERCE. 

By  Professor  R.  Gambaro,  of  the  Royal  High  Commercial  School  at  Genoa. 
Edited  and  Revised  by  James  Gault,  Professor  of  Commerce  and  Commercial 
Law  in  King's  College,  London.   Fifth  Edition.    Crown  8vo,  cloth      .  3/6 
"  The  publishers  of  this  work  have  rendered  considerable  service  to  the  cause  ot  commercial 
education  by  the  opportune  production  of  this  volume.  .  .  .  The  work  Is  peculiarly  acceptable  to 
English  readers  and  an  admirable  addition  to  existing  class  books.    In  a  phrase,  we  think  the  work 
attains  Its  object  in  furnishing  a  brief  account  of  those  laws  and  customs  of  British  trade  with  which 
the  commercial  man  interested  therein  should  be  familiar." — Chamber  o/  Commerce  journal. 

"An  invaluable  guide  in  the  hands  of  those  who  are  preparing  for  a  commercial  career,  and, 
in  fact,  the  information  it  contains  on  matters  of  business  should  be  Impressed  on  every  one."— 
Coii/itin^'  Hoitsc. 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT. 

Being  Aids  to  Commercial  Corresjjondence  in  Five  Languages — English, 
French,  German,  Italian,  and  Spanish.     By  Conrad  E.  Baker.  Third 
Edition,  Carefully  Revised  Throughout.    Crown  8vo,  cloth  .       .       .  4'/6 
"  Whoever  wishes  to  correspond  In  al  the  languages  mentioned  by  Mr.  Baker  cannot  do 
better  than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged.  They 
consist  not  of  entire  specimen  letters,  but — what  are  far  more  useful — short  passages,  sentences,  oi 
phrases  expressing  the  same  general  idea  in  various  forms." — Athentz-um, 

"  A  careful  examination  has  convinced  us  that  it  Is  unusually  complete,  well  arranged  and 
reliable.   The  book  is  a  thoroughly  good  one." — Schoolmaster. 

FACTORY  ACCOUNTS:  their  PRINCIPLES  &  PRACTICE. 

A  Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the 
Nomenclature  of  Machine  Details ;  the  Income  Tax  Acts ;  the  Rating  of 
Factories;  Fire  and  Boiler  Insurance;  the  Factory  and  Workshop  Acts,  _&c. , 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Emile  Garcke  and  J.  M.  Fells.    Fifth  Edition,  Revised  and  Enlarged. 

Demy  8vo,  cloth  .7/6 

"A  very  interesting  description  of  the  requirements  of  Factory  Accounts.  .  .  .  The  principle 

ol  assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly 

agree  with." — Accountants'  Journal. 

"Characterised  by  extreme  thoroughness.    There  are  few  owners  of  factories  who  would  not 

derive  great  benefit  from  the  perusal  of  this  most  admirable  viork."— Local  Go7/ernrnent  Chronicle. 

MODERN  METROLOGY. 

A  Manual  of  the  Metrical  Units  and  Systems  of  the  present  Century.  With 
an  Appendix  containing  a  proposed  English  System.  By  Lowis  d'A. 
Jackson,  A.  M.  Inst.  C.  E.,  Author  of  "  Aid  to  Survey  Practice,"  &c.  Large 

crown  8vo,  cloth  1  2/6 

"We  recommend  the  work  to  all  Interested  In  the  practical  reform  oi  our  weights  and 
uiedbures." — Nature, 

A  SERIES  OF  METRIC  TABLES. 

In  which  the  British  Standard  Measures  and  Weights  are  compared  with  those 
of  the  Metric  System  at  present  in  Use  on  the  Continent.  ByC.  H.  Dowling, 

C.E.    8 vo,  cloth  10/6 

"  Mr.  Dowlmg's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  conversion  of  one 
ystem  Into  the  other." — Athenccum. 

IRON  AND  METAL  TRADES'  COMPANION. 

For  Expeditiously  Ascertaining  the  Value  of  any  Goods  bought  or  sold  by 
Weight,  from  is.  per  cwt.  to  ii2S.  per  cwt.,  and  from  one  farthing  per  pound  to 
one  shilling  per  pound.  By  Thomas  Downik.  Strongly  bound  in  leather, 
396  pp.       .      .       .'  9/0 

"  A  most  useful  set  of  tables,  nothing  like  them  before  existed." — Buildine  News. 

"  Although  specially  adapted  to  the  Iron  and  metal  trades,  the  tables  wiU  be  found  useful  in 
every  other  business  in  which  merchandise  is  bought  and  sold  by  weight."— Aa>^wa>  Nev/t, 


COMMERCE,  COUNTING-HOVSB  WORK,  TABLES.  S-c.  51 
NUMBER,  WEIGHT,  AND  FRACTIONAL  CALCULATOR. 

Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  Glance  the 
Value  at  422  Diflferent  Rates,  ranging  from  y^jth  of  a  Penny  to  20s.  each,  or  per 
cwt.,  and  £20  per  ton,  of  any  number  of  articles  consecutively,  from  i  to  470. 
Any  number  of  cwts.,  qrs.,  and  lbs.,  from  i  cwt.  to  470  cwts.  Any  number  of 
tons,  cwts.,  qrs.,  and  lbs.,  from  i  to  1,000  tons.  By  William  Chadwick, 
Public  Accountant.    Fourth  Edition,  Revised  and  Improved.    8vo,  strongly 

_  bound  1 3/0 

"It  Is  as  easy  of  reference  for  any  answer  or  any  number  of  answers  as  a  dictionary.  Fo» 
making  up  accounts  or  estimates  the  boolc  must  prove  mvaluable  to  aU  wlio  have  any  considerable 
quantity  of  calculations  involving  price  and  measure  in  any  combination  to  do  "—Engmeer. 
"The  most  perfect  work  of  the  kind  yet  prepared.  "—G/aj^ra/  Herald. 

THE  WEIGHT  CALCULATOR. 

Being  a  Series  of  Tables  upon  a  New  and  Comprehensive  Plan,  exhibiting  at 
one  Reference  the  exact  Value  of  any  Weight  from  i  lb.  to  15  tons,  at  300 
Progressive  Rates,  from  id.  to  i68s.  per  cwt.,  and  containing  186,000  Direct 
Answers,  which,  with  their  Combinations,  consisting  of  a  single  addition 
(mostly  to  be  performed  at  sight),  will  afford  an  aggregate  of  10,266,000 
Answers  ;  the  whole  being  calculated  and  designed  to  ensure  correctness  and 
promote  despatch.   By  Henry  Harben,  Accountant.  Sixth  Edition,  carefully 

Corrected.    Royal  8vo,  strongly  half-bound  £-1  53, 

"A  practical  and  useful  work  of  reference  for  men  of  business  genetally."— Ironmonger 

o..  ^",9i  P,"<=«le?s  value  to  business  men.    It  is  a  necessary  book  in  all  mercantile  offices."— 

Shield  Independent. 

THE  DISCOUNT  GUIDE. 

Comprising  several  Series  of  Tables  for  the  Use  of  Merchants,  Manufacturers, 
Ironmongers,  and  Others,  by  which  may  be  ascertained  the  Exact  Profit  arising 
from  any  mode  of  using  Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and 
the  method  of  either  Altering  a  Rate  of  Discount,  or  Advancing  a  Price,  so  as 
to  produce,  by  one  operation,  a  sum  that  will  realise  any  required  Profit  after 
allowing  one  or  more  Discounts  :  to  which  are  added  Tables  of  Profit  or 
Advance  from  li  to  90  per  cent..  Tables  of  Discount  from  li  to  98I  per  cent., 
and  Tables  of  Commission,  &c.,  from  |  to  10  per  cent.  By  Henrv  Harben, 
Accountant.  New  Edition,  Corrected.  Demy  8vo,  half-bound  .  £1  Ss. 
"  A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  ot  time 

means  saving  of  money.    The  woric  must  prove  of  great  value  to  merchants,  manufacturers,  and 

general  traders.  —fn/uA  Trade  jfoumal. 

TABLES  OF  WAGE5. 

At  54,  52,  50  and  48  Hours  per  Week.  Showing  the  Amounts  of  Wages  from 
One  quarter  of  an  hour  to  Sixty-four  hours,  in  each  case  at  Rates  of  Wages 
advancing  by  One  Shilling  from  4s.  to  55s.  per  week.  By  Thos.  Garbutt, 
Accountant.    Square  crown  8vo,  half-bound  Q/0 

IRON-PLATE  WEIGHT  TABLE5. 

For  Iron  Shipbuilders,  Engineers,  and  Iron  Merchants  Containing  the 
Calculated  Weights  of  upwards  of  150,000  different  sizes  of  Iron  Plates  from 
I  foot  by  6  in.  by  \  in.  to  10  feet  by  5  feet  by  i  in.  Worked  out  on  the  Basis  of 
40  lbs.  to  the  square  foot  of  Iron  of  i  inch  in  thickness.  By  H.  Burlinson 
and  W.  H.  Simpson.   4to,  half-bound  £1  6s 


ORIENTAL  MANUALS  AND  TEXT-BOOKS. 

NOTICE: — Messrs.  Crosby  Lockwood  &  Son  will  lorward 
on  application  a  New  and  Revised  List  of  Text-books  and 
Manuals  for  Students  in  Oriental  Languages,  many  of  which 
are  used  as  Text-books  for  the  E.xaminations  for  the  Indian 
Civil  Service  and  the  Indian  Staff  Corps  ;  also  as  Class  Books 
in  Colleges  and  Schools  in  India. 
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CROSBY  LOCKWOOD  &■  SON'S  CATALOGUE. 


AGRICULTURE,  FARMING, 
GARDENING,  ETC. 


THE   COMPLETE   QRAZIER   AND    FARMER'S  AND 
CATTLE  BREEDER'S  ASSISTANT. 

A  Compendium  of  Husbandry.  Originally  Written  by  William  Youatt. 
Fourteenth  Edition,  entirely  Re-written,  considerably  Enlarged,  and  brought 
up  to  Present  Requirements,  by  William  Fream,  LL.D.,  Assistant  Com- 
missioner, Royal  Commission  on  Agriculture,  Author  of  "  The  Elements  of 
Agriculture,"  &c.    Royal  8vo,  i,too  pp.,  450  Illustrations,  handsomely  bound. 

£1   11 8.  DD. 

SOOK  I.    ON  THH  VARIHTIHS,  BREEDING,     I     BOOK  VII.    ON  THE  BREEDING,  REARING, 


iRKARiNG,  Fattening  and  Manage- 
ment OF  Cattle. 
iSoOK  II.  On  the  economy  and  Man- 
agement OF  THE  Dairy. 

IBOOK  III.    ON  THE  BREEDING,  REARING, 
AND  MANAGEMENT  OF  HORSES. 

Book  IV.  On  the  breeding,  Rearing, 

AND  Fattening  of  Sheep. 
SOOK  V.  ON  THE  Breeding,  Rearing, 

AND  Fattening  of  swine. 
Book  vi.   on  the  diseases  of  Live 

STOCK. 


AND  Management  of  poultry. 
Book  VIII.    On  Farm  offices  and 

Implements  of  husbandry. 
BOOK  IX.  On  the  Culture  and  man- 
agement of  Grass  lands. 

BOOK   X.     ON    the    cultivation  AND 

APPLICATION  OP  Grasses,  pulse  and 
roots. 

Book  XI.  On  manures  and  their 
APPLICATION  TO  Grass  land  and 
Crops. 

BOOK  XII.  monthly  calendars  of 
Farmwork. 


"  Dr.  Fream  Is  to  be  congratulated  on  the  successful  attempt  he  has  made  to  give  us  a  work 
which  will  at  once  become  the  standard  classic  of  tlie  farm  practice  of  the  country.   We  believe 
that  It  will  be  found  that  it  has  no  compeer  among  the  many  works  at  present  in  existence.  . 
The  illustrations  are  admirable,  while  the  frontispiece,  which  represents  the  well-known  bull. 
New  Year's  Gift,  bred  by  the  Queen,  is  a  work  of  art,"— 7Vi«  Times. 

"  The  book  must  be  recognised  as  occupying  the  proud  position  of  the  most  exhaustive  work 
of  reference  in  the  English  language  on  the  subject  with  which  it  ie3.\s."—AtheHa:um 

"  The  most  comprehensive  guide  to  modern  farm  practice  that  exists  in  the  English  language 
to  day  .  .  .  The  book  is  one  that  ought  to  be  on  every  farm  and  in  the  library  of  every  land 
owner  "~j\Iark  Lane  Express. 

"In  point  of  exhaustiveness  and  accuracy  the  work  will  certainly  hold  a  pre-eminent  and 
unique  position  among  books  dealing  with  scientific  agricultural  practice.  It  is,  in  fact,  an  agncul- 
tural  library  in  \tse\t."— North  British  Agriculturist. 

"  Tliis  volume  occupies  the  verj-  front  place  as  an  authority  on  British  agriculture  ;  and  even 
iatliese  depressed  times  no  farmer  worthy  of  the  name,  and  taking  a  pride  m  Ins  calling,  slioultl 
rest  satisfied  until  he  has  this  grand  work  to  refer  to  for  help  in  his  struggle  for  existence,  and  as  a 
guide  how  to  make  the  best  of  his  farm."— i-'arw.  Field,  and  Fireside. 

"  In  Dr.  FreanVs  accomplished  hands  '  The  Complete  Grazier'  has  taken  at  a  single  bound 
a  front  place  amongst  the  agricultural  works  of  the  day.  .  .  .  As  a  work  of  reference  it  has  a 
pre-eminent  claim  upon  every  fanner." — The  Farmer. 

"  'The  Complete  Grazier'  as  it  stands  is  a  compendium  of  authoritative  and  well-ordered 
knowledge  on  every  conceivable  branch  of  the  work  of  the  live-stock  farmer;  and  the  name  ot  Ur. 
Fream  \\\\\  be  associated  with  that  of  Youatt— the  latter  as  the  prime  author,  the  former  as  tlic 
perfector— of  a  production  which,  on  the  subject  of  which  it  treats,  is  prob.ibly  without  an  equal  in 
this  or  any  other  country."— 7"/jc  Yorkshire  Post. 

STOCK:  CATTLE,  SHEEP,  AND  HORSES. 

Vol.  III.— OUTLINES  OF  MODERN  FARMING.    By  R.  Scott  Burn. 

Woodcuts.    Crown  8vo,  cloth   •  2/6 

"  The  author's  grasp  of  his  subject  is  thorough,  and  his  gronpintf  of  fact?  effectn  e  .  .  .  \\  <■ 
commend  this  excellent  treatise."— /rcc/'/r  Dispatch. 

SHEEP: 

The  History,  Structure,  Economy,  and  Diseases  of.  By  W.  C.  Spooner. 
Fifth  Edition,  with  Engravings,  including  Specimens  of  New  and  Improved 

Breeds.    Crown  8vo,  cloth  3/6 

"  Th«  book  It  decidedly  the  be»t  of  the  kind  in  our  language."— 5fei'TO:«)i. 

MEAT  PRODUCTION: 

A  Manual  for  Producers,  Distributors,  and  Consumers  of  Butchere'  Meat. 
By  John  Ewart.   Crown  8vo,  cloth   •  2/6 

"  .\  compact  and  handy  \o\wme.."— Meal  and  Provision  1  rades  Revii-w. 
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MILK,  CHEESE,  AND  BUTTER. 

A  Practical  Handbook  on  their  Properties  and  the  Processes  of  their  Produc- 
tion. Including  a  Chapter  on  Cream  and  the  Methods  of  its  Separation  from 
Milk.  By  John  Oliver,  late  Principal  of  the  Western  Dairy  Institute, 
Berkeley.    With  Coloured  Plates  and  200  Illustrations.    Crown  8vo,  cloth. 

7/6 

"  An  exhaustive  and  masterly  production.  It  may  be  cordially  ecommanded  to  all  student* 
iiid  I  ractitloners  of  dairy  science.  —North  British  ^£-ricu Jurist. 

"  We  recommend  this  very  comprehensive  and  carefully-written  book  to  dairy-farmers  and 
students  of  dairying.  It  is  a  distinct  acquisition  to  th«  library  of  th«  agriculturist.  "— Ag'riculturi*/ 
Gazette, 

BRITISH  DAIRYING. 

A  Handy  Volume  on  the  Work  of  the  Dairy-Farm.  For  the  Use  of  Technical 
Instruction  Classes,  Stud  ents  in  Agricultural  Colleges  and  the  Working  Dairy- 
Farmer.  By  Prof.  J.  P.  Sheldon.  With  Illustrations.  Second  Edition, 
Revised.   Crown  8vo,  cloth  2/6 

"  Confidently  recommended  as  a  useful  text-book  on  dairy  farming."— Agricultural  Gazette. 

■' Probably  the  best  half-crown  manual  on  dairy  work  that  has  yet  been  produced."— iVorrt 
British  AfrrtcuUut  ist. 

"  It  is  the  soundest  little  work  we  have  yet  seen  on  the  subject.  "— 7"A<  Times. 

DAIRY,  PIQ5,  AND  POULTRY. 

Vol.  IV.    OUTLINES  OF  MODERN  FARMING.    By  R.  Scott  Burn. 

Woodcuts.    Crown  8vo,  cloth  2/0 

"  We  can  testify  to  the  clearness  and  intelligibility  of  the  matter,  which  has  been  compiled 
from  tlie  best  authorities."— /.ffjirfiP/t  Review. 

THE  ELEMENTS  OF  AGRICULTURAL  GEOLOGY. 

A  Scientific  Aid  to  Practical  Farming.  By  Primrose  McConnell.  Author  of 
"  Note-Book  of  Agricultural  Facts  and  Figures."   8vo,  cloth      .    iVe<  2  1 /O 

"  On  every  page  the  work  bears  the  impress  of  a  masterly  knowledge  of  the  subject  dealt 
with,  and  we  have  nothing  but  unstinted  praise  to  offer."— Field. 

SOILS,  MANURES,  AND  CROPS. 

Vol.  I.-OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn, 
Woodcuts.    Crown  8vo,  cloth  2/0 

FERTILISERS  AND  FEEDING  STUFFS. 

Their  Properties  and  Uses.  A  Handbook  for  the  Practical  Farmer.  By 
Bernard  Dyer,  D.Sc.  (Lond.).  With  the  Text  of  the  Fertilisers  and  Feeding 
Stuffs  Act  of  1893,  The  Regulations  and  Forms  of  the  Board  of  Agriculture, 
and  Notes  on  the  Act  by  A,  J.  David,  B.A.,  LL.M.  Fourth  Edition,  Revised. 
Crown  8vo,  cloth  1/0 

"This  Uttle  book  is  precisely  what  It  professes  to  be— 'A  Handbook  for  the  Practical 
Farmer.'  Dr.  Dyer  has  done  farmers  good  service  In  placing  at  their  disposal  so  much  usefUl 
information  in  so  mtelligible  a  form." — TTti  Times. 

THE    ROTHAMSTED    EXPERIMENTS    AND  THEIR 

PRACTICAL  LES50NS  FOR  FARMERS. 
Part  I.  Stock.    Part  II.  Crops.    By  C.  J.  R.  Tipper.    Crown  8vo,  cloth. 

3/6 

"We  have  no  doubt  that  the  book  will  be  welcomed  by  a  large  class  of  farmers  and  otters 
interested  In  agriculture," — Standard. 

SYSTEMATIC  SMALL  FARMING. 

Or,  The  Lessons  of  My  Farm.  Being  an  Introduction  to  Modern  Farm 
Practice  for  Small  Farmers.    By  R.  Scott  Burn,  Author  of  "  Outlines  of 

Modern  Farming,"  &c.    Crown  Svo,  cloth  6/0 

"  This  Is  the  completest  book  of  Its  class  we  have  scan,  and  on*  which  avary  amateur  farmar 
will  read  with  pleasure,  and  accept  as  a  guide."— 

THE  FIELDS  OF  GREAT  BRITAIN. 

A  Text-Book  of  Agriculture,  Adapted  to  the  Syllabus  01  the  Science  and 
Art  Department.  For  Elementary  and  Advanced  Students.  By  Hugh 
Clements  (Board  of  Trade).  Second  Edition,  Revised,  with  Additions. 
i8mo,  cloth  2/6 

"  It  Is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more  or  which  contains 
such  a  vast  and  useful  fund  of  knowledge."— £rf»caftV!«a/  Times. 


CROSBY  LOCKWOOD  S-  SON'S  CATALOGUE. 


OUTLINES  OF  MODERN  FARMING. 

By  R.  Scott  Burn.  Soils,  Manures,  and  Crops— Fanning  and  Farming 
Economy— Cattle,  Sheep,  and  Horses— Management  of  Dairy,  Pigs,  and 
Poultry— Utilisation  of  Town-Sewage,  Irrigation,  &c.  Sixth  Edition.  In 
One  Vol.,  1,250  pp.,  half-bound,  profusely  Illustrated.       .       .       .    1  2/0 

"  Tlie  aim  of  the  author  has  been  to  make  Iiis  work  at  once  compreliensive  and  trustworthy, 
and  in  this  aim  he  has  succeeded  to  a  degree  which  entitles  Iiim  to  much  credit."— .Vfr;;/;/,;- 
Ai/verliser. 

FARM  ENGINEERING,  The  COMPLETE  TEXT-BOOK  of. 

Comprising  Draining  and  Embanking  j  Irrigation  and  Water  Supply  ;  Farm 
Roads,  Fences  and  Gates  ;  Farm  Buildings ;  Barn  Implements  and  Machines ; 
Field  Implements  and  Machines  ;  Agricultural  Surveying,  &c.  By  Professor 
John  Scott.    In  One  Vol.,  1,150  pp.,  half-bound,  with  over  600  Illustrations. 

12/0 

"  Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his 
work  well ;  we  have  found  him  a  very  trustworthy  gTiide  wherever  we  have  tested  his  statements. 
The  volume  will  be  of  great  value  to  agricultural  students.  "—A/ar.4  Lane  Express. 

DRAINING  AND  EMBANKING. 

A  Practical  Treatise.  By  John  Scott,  late  Protessor  oi  Agriculture  and 
Rural  Economy  at  the  Royal  Agricultural  College,  Cirencester.    With  68 

Illustrations.    Crown  8vo,  cloth  1/6 

"A  valuable  liandbook  to  the  engineer  as  well      to  the  surveyor."— /.a;;./. 

IRRIGATION  AND  WATER  SUPPLY: 

A  Practical  Treatise  on  Water  Meadows,  Sewage  Irrigation,  Warping,  &c.; 
on  the  Construction  of  Wells,  Ponds,  and  Reservoirs,  &c.  By  Professor 
].  Scott.    Crown  8vo,  cloth   ,       .       .       .      ;      .       .      .  .1/6 

"  A  valuable  and  indispensable  book  for  the  estate  manager  and  ovmat." —Fore shy. 

FARM  ROADS,  FENCES,  AND  GATES: 

A  Practical  Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the 
Farm  ;  the  Principles  of  Enclosures  ;  and  on  Fences,  Gates,  and  Stiles.  By 

Professor  John  Scott.    Crown  8vo,  cloth  1/6 

"A  useful  practical  work,  which  should  l)e  in  the  hands  of  every  farmer."— /"<i;v«c;. 

BARN  IMPLEMENTS  AND  MACHINES: 

Treating  of  the  Application  of  Power  to  the  Operations  of  Agriculture  and 
of  the  various  Machines  used  in  the  Threshing-barn,  in  the  Stockyard, 
Dairy,  &c.  By  Professor  John  Scott.  With  123  Illustrations.  Crown 
8vo,  cloth  2/0 

FIELD  IMPLEMENTS  AND  MACHINES: 

With  Principles  and  Details  of  Construction  and  Points  of  Excellence,  their 
Management,  &c.  By  Professor  John  Scott.  With  138  Illustrations. 
Crown  8vo,  cloth   2/0 

AGRICULTURAL  SURVEYING: 

A  Treatise  on  Land  Surveying,  Levelling,  and  Setting-out ;  with  Directions 
for  Valuing  and  Reporting  on  Farms  and  Estates.  By  Professor  J.  Scott. 
Crown  8vo,  cloth  1/6 

OUTLINES  OF  FARM  MANAGEMENT. 

Treating  of  the  General  Work  of  the  Farm;  Stock;  Contract  Work, 
Labour,  &c.    By  R.  Scott  Burn.    Crown  Svo,  cloth       .       .       .  2/6 
"The  book  is  eminently  practical,  and  may  be  studied  with  advantfge  by  lieginners  in 
agriculture,  while  it  contains  hints  which  will  Ije  useful  to  okl  and  successful  farmers." — Scctsiiian. 

OUTLINES  OF  LANDED  ESTATES  MANAGEMENT. 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  the  Setting-out  of 
Farms,  &c. ;  Roads,  Fences,  Gates,  Irrigation,  Drainage,  &c.   By  R.  S.  Burn. 

Crown  Svo,  cloth      .      ,  2/6 

"  A  corriplete  and  comprehensive  outline  of  the  duties  appertaining  to  the  management  of 
landed  estates."— yo?"'"'"'  of  forestr-^'. 
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FARMING  AND  FARMING  ECONOMY. 

Historical  and  Practical.  Vol.  II.— OUTLINES  OF  MODERN  FARMING, 

By  R.  Scott  Burn.    Crown  8vo,  cloth  3/O 

"Eminently  calciilnted  to  enlijjliten  the  agricultural  community  on  the  varied  sulijects  of 
wliich  it  treats  ;  hence  it  should  find  a  place  in  every  farmer's  libraiy."— CV/y  Press. 

UTILIZATION  OF  5EWAQE,  IRRIGATION,  &c. 

Vol.  V.-OUTLINES  OF  MODERN  FARMING.     By  R.  Scott  Burn. 

Woodcuts.    Crown  8vo,  cloth  2/6 

"A  work  containing  valuable  information,  uhicli  will  reconnnend  itself  to  all  interested  in 
modem  farming." — Field. 

NOTE-BOOK  OF  AGRICULTURAL  FACT5  &  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS. 

By  Primrose  McConnell,  B.Sc,  Fellow  of  the  Highland  and  Agricultural 
Society,  Author  of  "Elements  of  Farming."  Seventh  Edition,  Re-written, 
Revised,  and  greatly  Enlarged.     Fcap.  8vo,  480  pp.,  leather,  gilt  edges. 

Uust  Published.    Net  7/6 
Contents  :— Surveying  and  levelling.— weights  and  Measures.— Machinery 
and  buildings.  —  labour.  —  operations.  —  draining.  —  embanking.  —  geological 
Memoranda.  —  Soils.  —  manures.  —  cropping.  —  Crops.— Rotations.  —  Weeds.  — 

FEEDING.— DAIRYING.— LIVE  STOCK.— HORSES.—  CATTLE.  —  SHBHP.—PIGS.— POULTRY.— 

FORESTRY.— HORTICULTURE.— Miscellaneous. 

"  No  farmer,  and  certainly  no  agricultural  student,  ought  to  be  without  this  muUum-in-parvo 
manual  of  all  subjects  connected  with  the  farm."— A^or/A  British  Agriculturist. 

"  This  little  pocket-book  contains  a  large  amount  of  useful  information  upon  all  kinds  ot 
agricultural  subjects.    Something  of  the  kind  has  long  been  wanted."— Afaj',6  Lane  Express. 

"The  amount  of  Information  it  contains  Is  most  surprising ;  the  arrangement  of  the  matter  is 
so  methodical — although  so  compressed — as  to  be  intelligible  to  everyone  who  takes  a  glance  through 
Its  pages.    They  teem  with  infonnation." — Farm  and  Home. 

TABLES  and  MEMORANDA  for  FARMERS,  GRAZIERS, 

AGRICULTURAL  STUDENT5,  SURVEYORS,  LAND  AGENTS, 
AUCTIONEERS,  &c. 

With  a  New  System  of  Farm  Book-keeping,  By  Sidney  Francis.  Fifth 
Edition.  272  pp.,  waistcoat-pocket  size,  limp  leather  .  .  .  -1/6 
"Weighing  less  than  i  oz.,  and  occupying  no  more  space  than  a  match-box.  It  contains  amass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.  Every 
operation  on  the  farm  is  dealt  with.  The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of 
the  tables  having  been  revised  by  Dr.  Fream.  We  cordially  recommend  it."— Bell's  Weekly 
Messeng^er. 

THE  HAY  AND  STRAW  MEASURER: 

New  Tables  for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw 
Dealers,  &c.,  forming  a  complete  Calculator  and  Ready  Reckoner.  By 

John  Steele.    Crown  8vo,  cloth  2/0 

"A  most  useful  handbook.  It  should  be  in  every  professional  office  where  agricultural 
valuations  are  conducted."— .-Ixe'tt's  Recoi-d. 

READY  RECKONER  FOR  ADMEASUREMENT  OF  LAND. 

By  A  Arman.  Revised  and  extended  by  C.  Norris,  Surveyor.  Fifth 
Edition.    Crown  8vo,  cloth  2/0 

"  A  very  useful  book  to  all  who  have  land  to  measure." — Mark  Lane  Express. 

"  Should  be  in  the  hands  of  all  persons  having  any  connection  with  land." — fris/i  Farm. 

READY    RECKONER    FOR   MILLERS,    CORN  MER= 

CHANTS, 

And  Farmers.    Second  Edition,  revised,  with  a  Price  List  of  Modern  Flour 
Mill  Machinery.    By  W.  S.  Hutton,  C.E.    Crown  8vo,  cloth  .       .  2/0 
"Will  prove  an  indispensable  vade  inecutn.    Notliing  has  been  spared  to  make  the  book 
complete  and  perfectly  adapted  to  its  special  purpose." — Miller. 

BOOK  =  KEEPING    FOR    FARMERS    AND  ESTATE 

OWNERS. 

A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  for  all 
classes  of  Farms.     By  J.  M.  Woodman,  Chartered  Accountant.  Fourth 

Edition.    Crown  Svo,  cloth  2/** 

"Will  be  found  of  great  assist.nnce  by  those  who  intend  to  conunence  a  system  of  book- 
keeping, the  author's  examples  being  clear  and  exphcit,  and  his  explanations  full  and  accurate."— 
Live  Stock  journal. 


56        CROSBY  LOCK  WOOD  &-  SON'S  CATALOGUE. 


WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK. 

Giving  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and 
Expenditure  under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.,  &c. 
With  Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  End  of  the 
Year.    By  Johnson  M.  Woodman,  Chartered  Accountant.    Second  Edition. 

Folio,  half-bound  7/6 

"  Contains  every  requisite  for  keeping  farm  accounts  readily  and  accurately."— ^£W«</>«r<. 

THE  HORTICULTURAL  NOTE-BOOK. 

A  Manual  of  Practical  Rules,  Data,  and  Tables,  for  the  use  of  Students, 
Gardeners,  Nur.serymen,  and  others  interested  in  Flower,  Fruit,  and  Vegetable 
Culture,  or  in  the  Laying-out  and  Management  of  Gardens.  By  J.  C. 
Newsham,  F.R.H.S.,  Headmaster  of  the  Hampshire  County  Council 
Horticultural  School.    With  numerous  Illustrations.    Fcap  8vo,  cloth. 

[Just  Published.    Net  J/B 

MARKET  AND  KITCHEN  GARDENING. 

By  C.  W.  Shaw,  late  Editor  of  "  Gardening  Illustrated."     Crown  8vo  3/6 


"Tlie  most  valuable  compendium  of  kitchen  and  market-garden  work  published."— /^a;  wrr. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING  ; 

Or,  How  to  Grow  Vegetables,  Fruits,  and  Flowers.  By  S.  Wood.  Fourth 
Edition,  with  considerable  Additions,  and  numerous  Illustrations.  Crown 
8vo,  cloth  3/6 


"A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  tfulde.  The  practical 
directions  are  excellent." — Athenaum. 

THE  FORCING  GARDEN; 

Or,  How  to  Grow  Early  Fruits,  Flowers  and  Vegetables.  With  Plans  and 
Estimates  for  Building  Glasshouses,  Pits  and  Frames.  With  Illustrations. 
By  Samuel  Wood.   Crown  8vo,  cloth  3/6 

"  A  good  book,  containing  a  great  deal  of  valuable  teaching.'  — Corrffx^rj'  Afaig-atine. 

KITCHEN  GARDENING  MADE  EASY. 

Shovs'ing  the  best  means  of  Cultivating  everj  known  Vegetable  and  Herb, 
&c.,  with  directions  for  management  all  the  year  round.    By  Geo.  M.  F. 

Glenny.    Illustrated.    Crown  8vo,  cloth  1/6 

"  This  book  will  be  found  trustworthy  and  useful."— British  Agriculturist. 

COTTAGE  GARDENING; 

Or,  Flowers,  Fruits,  and  Vegetables    or  Small  Gardens.    By  E.  Hobday. 

Crown  8vo,  cloth  1/6 

"  Definite  instructions  as  to  the  cultivation  of  small  ■g3.xA<t\\s."—Scatsmau. 

GARDEN  RECEIPTS. 

Edited  by  Charles  W.  QuiN.  Fourth  Edition  Crown  8vo,  cloth  .  1/6 
"A  singularly  complete  collection  of  the  principal  receipts  needed  by  gardeners."— /-"orwffr. 

MULTUM-IN-PARVO  GARDENING ; 

Or,  How  to  Make  One  Acre  of  Land  produce  £(>io  a  year,  by  the  Cultivatiori 
of  Fruits  and  Vegetables  ;  also,  How  to  Grow  Flowers  in  Three  Glass  Houses, 
so  as  to  realise  ^176  per  annum  clear  Profit.  By  Samuel  Wood,  Author  of 
"Good  Gardening," &c.    Sixth  Edition,  Crown  8vo,  sewed    .       .  .1/0 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN. 

And  Amateur's  Complete  Guide.    By  S.  Wood.    Crown  8vo,  cloth       .  3/6 

FRUIT  TREES, 

The  Scientific  and  Profitable  Culture  of.  From  the  French  of  M.  Du 
Breoil.    Fifth  Edition,  carefully  Revised  by  George  Glennv.    With  187 

Woodcuts.    Crown  8vo,  cloth  3/6 

"The  book  teaches  how  to  prune  and  train  fruit-trees  to  perfection."— /"zf/rf. 
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ART  OF  QRAFTINQ  AND  BUDDING. 

By  Charles  Baltet.    With  Illustrations.    Crown  8vo,  cloth  .       .  2/6 
"The  one  standard  work  on  this  subject."—Scotsmer.ti . 


TREE  PRUNER: 

Being  a  Practical  Manual  on  the  Pruning  of  Fruit  Trees,  including  also 
their  Training  and  Renovation,  also  treating  of  the  Pruning  of  Shrubs, 
Climbers,  and  Flowering  Plants.  With  numerous  Illustrations.  By 
Samuel  Wood,  Author  of  "  Good  Gardening,"  &c.  Crown  8vo,  cloth  1  /6 
"  A  useful  book,  written  by  one  wlio  has  liad  ffreat  experience."— /l/<zi'.4-  Lane  F.xprcss. 

TREE  PLANTER  AND  PLANT  PROPAGATOR: 

With  numerous  Illustrations  of  Grafting,  Layering,  Budding,  Implements, 
Houses,  Pits,  &c.    By  S.  Wood.    Crown  8vo,  cloth     ....  2/0 
"Sound  in  its  teachingf  and  verj'  compreliensive  in  its  aim.    It  is  a  ijood  book." — Gafdencrs' 
Ma^azi>u. 

*H  *  The  above  Two  Vols  m  One,  handsomely  half-bound;  entitled  "  The  Tree 
Planter,  Propagator  and  Pruner."   By  Samuel  Wood,    Price  3/6- 


THE   CULTIVATION    AND   PREPARATION  OF  PARA 
RUBBER. 

By  W.  H.  Johnson,  F.L.S.,  F.R.H.S.    8vo  cloth      .       .       .Net  7/6 
For  Summary  of  Contents,  see  page  44. 

POTATOES:  HOW  TO  GROW  AND  SHOW  THEM. 

A  Practical  Guide  to  the  Cultivation  and  General  Treatment  of  the  Potato. 
By  J.  Pink.    Crown  8vo   2/0 

BEES  FOR  PLEASURE  AND  PROFIT. 

A  Guide  to  the  Manipulation  of  Bees,  the  Production  of  Honey,  and  the 
General  Management  of  the  Apiary.  By  G.  Gordon  Samson.  With 
numerous  Illustrations.    Crown  8vo,  wrapper  1/0 


AUCTIONEERING,   VALUING,  LAND 
SURVEYING,  ESTATE  AGENCY,  ETC. 

INWOOD'S    TABLES    FOR    PURCHASING  ESTATES 

AND  FOR  THE  VALUATION  OP  PROPERTIES, 

Including  Advowsons,  Assurance  Policies,  Copyholds,  Deferred  Annuities, 
Freeholds,  Ground  Rents,  Immediate  Annuities,  Leaseholds,  Life  Interests, 
Mortgages,  Perpetuities,  Renewals  of  Leases,  Reversions,  Sinking  Funds, 
&c.,  &c.    28th  Edition,  Revised  and  Extended  by  William  Schooling, 
F.R.A.S.,  with  Logarithms  of  Natural  Numbers  and  Thoman's  Logarithmic 
Interest  and  Annuity  Tables.    360  pp..  Demy  8vo,  cloth    .       .       JVei  8/0 
"  Those  Interested  In  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation 
cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will  find  the  present  edition  of 
emiivent  service." — Hngineerittg. 

"  This  valuable  book  has  been  considerably  enlarged  and  improved  by  the  labours  of 
Mr.  Schooling,  and  is  now  very  complete  indeed." — Economist. 

**  Altogether  this  edition  will  prove  of  extreme  value  to  many  classes  of  professional  men  In 
savine  them  many  long  and  tedious  calculations."— /«t/ej/<»-j'  Rtvitw, 
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AGRICULTURAL  SURVEYOR  AND  ESTATE  AGENT'S 

HANDBOOK. 

Of  Practical  Rules,  Formulae,  Tables,  and  Data.  A  Comprehensive  Manual 
for  the  Use  of  Surveyors,  Agents,  Landowners,  and  others  interested  in  the 
Equipment,  the  Management,  or  the  Valuation  of  Landed  Estates.  By 
Tom  Bright,  Agricultural  Surveyor  and  Valuer,  Author  of  "  The  Agri- 
cultural Valuer's  Assistant,"  &c.   With  Illustrations.     Fcap.  8vo,  Leather. 

^et  7/6 

*' An  exceeding^ly  useful  book,  the  contents  of  which  are  admirably  chosen.  The  classes  for 
whom  the  work  is  intended  will  find  it  convenient  to  have  this  comprehensive  handbook  accessible 
for  reference." — Live  Stock  youmal. 

"  It  is  a  singularly  compact  and  well  informed  compendium  of  the  facts  and  figures  likely  to 
be  required  in  estate  work,  and  is  certain  to  prove  of  much  service  to  those  to  whom  it  is 
addressed.*' — Scotsman. 


AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 

A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.    Second  Edition,  Revised    Demy  8vo,  cloth    .    1  2/6 

"The  work  Is  one  of  general  excellent  character  and  gives  much  Information  In  a  com- 
pendious and  satisfactory  form." — Builder. 

'*  May  be  recommended  as  giving  a  great  deal  of  Information  on  the  law  relating  to 
auctioneers,  in  a  very  readable  form/' — Laru  youmal. 


THE  APPRAISER,  AUCTIONEER,   BROKER,  HOUSE 

AND  ESTATE  AGENT  AND  VALUER'5  POCKET  ASSISTANT. 

For  the  Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities,  and 
Reversions,  and  of  Property  generally  ;  with  Prices  for  Inventories,  &c.  By 
John  Wheeler,  Valuer,  &c.  Re-written  and  greatly  Extended  by  C.  Norris. 
Seventh  Edition    Royal  32mo,  cloth       .   5/0 

"  A  neat  and  concise  book  of  reference,  contah\ing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a  very  practical  euide  to  determine  the  value  of  furniture,  &c. " — Standard. 

"Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 
snle,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  vrith  prices  for 
inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  effects."— Builder. 

THE  AGRICULTURAL  VALUER'S  ASSISTANT. 

A  Practical  Handbook  on  the  Valuation  of  Landed  Estates ;  including 
Example  of  a  Detailed  Report  on  Management  and  Realisation ;  Forms  of 
Valuations  of  Tenant  Right ;  Lists  of  Local  Agricultural  Customs  ;  Scales  of 
Compensation  under  the  Agricultural  Holdings  Act,  and  a  Brief  Treatise  on 
Compensation  under  the  Lands  Clauses  Acts,  &c.  By  Tom  Bright,  Agricul- 
tural Valuer.  Author  of  "The  Agricultural  Surveyor  and  Estate  Agent's 
Handbook."  Fourth  Edition,  Revised,  with  Appendix  containing  a  Digest  of 
the  Agricultural  Holdings  Acts,  1883— iqoo.    Crown  8vo,  cloth      .  Net  6/0 

"  Full  of  tables  and  examples  In  connection  with  the  valuation  of  tenant-right,  estates,  labour, 
contents  and  weights  of  timber,  and  farm  produce  of  all  \atiAs."— Agricultural  Gazette. 

"  An  eminently  practical  handbook,  full  of  practical  tables  arid  data  of  undoubted  Interest  and 
value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds." — Farmer. 

POLE  PLANTATIONS  AND  UNDERWOODS. 

A  Practical  Handbook  on  Estimating  the  Cost  of  Forming,  Renovating, 
Improving,  and  Grubbing  Plantations  and  Underwoods,  their  Valuation  for 
Purposes  of  Transfer,  Rental,  Sale  or  Assessment.  By  Tom  Bright.  Crown 
8vo,  cloth  3/6 

"  To  valuers,  foresters  and  agents  it  will  be  a  welcome  a.\i."— North  British  AgricuUnrist. 
"  Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties,  and  of  undoubted  Interest 
and  use  both  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds."— A'f);^  Herald. 


THE  LAND  IMPROVER'S  POCKET-BOOK. 

Comprising  Formulas,  Tables,  and  Memoranda  required  in  any  Computation 
relating  to  the  Permanent  Improvement  of  Landed  Property.  By  John  Ewart, 
Surveyor.  Second  Edition  Revised.  Royal  s^mo,  oblong,  leather  .  4/0 
A  compendious  and  handy  little  so\\xme."— Spectator, 
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THE  LAND  VALUER'S  BEST  ASSISTANT. 

Being  Tables  on  a  very  much  Improved  Plan^  for  Calculating  the  Value  of 
Estates.  With  Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary 
Acres  to  Statute  Measure,  &c.    By  R.  Hudson,   C.E.     New  Edition. 

Royal  32mo,  leather,  elastic  band  4/0 

"Of  incalculable  value  to  the  country  g^entleman  and  professional  man." — FarTners'  Journat, 

THE   LAND  VALUER'S   COMPLETE  POCKET-BOOK. 

Being  the  above  Two  Works  bound  together.     Leather         .       .       ,  7/6 


MATHEMATICS,    ARITHMETIC,  ETC. 


TREATISE  ON  MATHEMATICS, 

.*\s  applied  to  the  Constructive  Arts.    By  Francis  Campin,  C.E.,  &c. 

Third  Edition.    Crown  8vo,  cloth  3/0 

"  Sliould  be  in  the  hands  of  every  one  connected  with  building  construction." — Builders' 
Reforter. 

SLIDE  RULE,  AND  HOW^  TO  USE  IT. 


Containing  full,  easy,  and  simple  Instructions  to  perform  all  Business  Cal- 
culations with  unexampled  rapidity  and  accuracy.  By  Charles  Hoare, 
C.E.    With  a  Slide  Rule,  in  tuck  of  cover.  Eighth  Edition.   Cr.  8vo  2/6 

MATHEMATICAL  TABLES, 

For  Trigonometrical,  Astronomical,  and  Nautical  Calculations  ;  to  which  is 
prefixed  a  Treatise  on  Logarithms.  By  H.  Law,  C.E.  Together  with  a 
Series  of  Tables  for  Navigation  and  Nautical  Astronomy.    By  Professor 


J.  R.  Young.    New  Edition.    Crown  8vo,  cloth  ....  4/0 

LOGARITHMS. 

With  Mathematical  Tables  for  Trigonometrical,  Astronomical,  and  Nautical 
Calculations.  By  Henry  Law,  C.E.  Revised  Edition.  (Forming  part  of 
the  above  work.)    Crown  8vo,  cloth  3/0 

EUCLID, 

The  Elements  of;  with  many  Additional  Propositions  and  Explanatory 
Notes  ;  to  which  is  prefixed  an  Introductory  Essay  on  Logic.    By  Henry 

Law,  C.E.    Crown  8vo,  cloth  2/6 

Sold  also  separately,  viz.  : — 
EUCLID.    The  First  Three  Books.    By  Henry  Law,  C.E.    Crown  8vo, 
cloth  1/6 


EUCLID.    Books  4,  5,  6  11,  12.     By  Henry  Law,  C.E.    Crown  8vo,  cloth 

1/6 

THEORY  OF  COMPOUND  INTEREST  AND  ANNUITIES, 

With  Tables  of  Logarithms  for  the  inore  Difficult  Computations  of  Interest, 
Discount,  Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mercantile 
and  State  Purposes.     By  Fedor  Thoman,  of  the  Societe  Credit  Mobilier, 

Paris.    Fourth  Edition.    Crown  8vo,  cloth  4/0 

"A  very  powerful  work,  and  the  author  hat  a  very  reitiarkable  command  of  his  subject." — 
Professor  A.  DFi  MORGAN.     "  We  recommend  it  to  tlie  notice  of  actuaries  and  accountanto." — 

ARITHMETIC, 

Rudimentary,  ror  the  Use  of  Schools  and  Self-Instruction.  By  James 
Happon,  M,A,    Revised  by  Abraham  Arman,   Crown  8vo,  cloth    .  1/6 
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ARITHMETIC, 

A  Rudimentary  Treatise  on  :  with  full  Explanations  of  its  Theoretical  Prin- 
ciples, and  numerous  Examples  for  Practice.  For  the  use  of  Schools  and 
for  Self-Instruction.  By  J.  R.  Young,  late  Professor  of  Mathematics  in 
Belfast  College.    Fourteenth  Edition.    Crown  8vo,  cloth  -1/6 

KEY  TO  THE  ABOVE. 

By  J.  R.  Young.    Crown  8vo,  cloth  1  ,'6 

EQUATIONAL  ARITHMETIC, 

Applied  to  Questions  of  Interest,  Annuities,  Life  Assurance,  and  General 
Commerce :  with  various  Tables  by  which  all  calculations  may  be  greatly 
facilitated.    By  W.  Hipsley.    Crown  Svo,  cloth  1/6 

COMMERCIAL  BOOK-KEEPING. 

With  Commercial  Phrases  and  Forms  in  English,  French,  Italian,  and 
German.  By  Tames  Haddon,  M.A.,  formerly  Mathematical  Master,  King's 
College  School.    Crown  Svo,  cloth  1/6 

ALGEBRA, 

The  Elements  of.  By  James  Haddon,  M.A.,  formerly  Mathematical 
Master  of  King's  College  School.  With  Appendix,  containing  Miscellaneous 
Investigations,  and  a  collection  of  Problems.    Crown  Svo,  cloth       .  2/0 

KEY  AND  COMPANION  TO  THE  ABOVE. 

An  extensive  repository  of  Solved  Examples  and  Problems  in  Illustration 
of  the  various  Expedients  necessary  in  Algebraical  Operations.  By  J.  R. 
Young.    Crown  Svo,  cloth  1/6 

DESCRIPTIVE  GEOMETRY, 

An  elementary  Treatise  on  ;  with  a  Theory  of  Shadows  and  of  Perspective 
extracted  from  the  French  of  G.  Monge.  To  which  is  added  a  Description 
of  the  Principlesand  Practice  of  Isometrical  Projection.  By  J.  F.  Heather, 
M.A.   With  14  Plates.    Crown  Svo,  cloth  2/0 

PRACTICAL  PLANE  GEOMETRY: 

Giving  the  Simplest  Modes  of  Constructing  Figures  contained  in  one  Plane 
and  Geometrical  Construction  of  the  Ground.    By  J.  F.  Heather,  M.A. 

Crown  Svo,  cloth  2/0 

"The  author  is  well-known  as  an  experienced  professor,  and  the  volume  contains  as  com]iIete 
a  collection  of  problems  as  is  likely  to  be  required  in  ordinary  practice."— .  /rcAzVcc/. 

ANALYTICAL  GEOMETRY  AND  CONIC  SECTIONS. 

By  J.  Hann.  Enlarged  by  Professor  J.  R.  Young.    Crown  8vo,  cloth  2/0 
"  The  author's  style  is  exceedinerly  clear  and  simple,  and  the  book  is  well  adapted  for  the 
beginner  and  those  who  may  be  obliged,  to  have  recourse  to  SQ\i-\.m\.\on."—E>ti^i}ieer. 

PLANE  TRIGONOMETRY, 

The  Elements  of.  By  James  Hann,  M.A.  Seventh  Edition.  Cr.  Svo.  1/6 

SPHERICAL  TRIGONOMETRY, 

The  Elements  of.    By  James  Hann.    Revised  by  Charles  H.  Dowling, 


C.E.   Crown  Svo,  cloth   1  /O 

Or  with  "The  Elements  of  Plane  Trigonometry,"  in' One  Vol.  Crown 

Svo,  cloth  '     .      .      .  2/6 

DIFFERENTIAL  CALCULUS, 

Elements  of  the.    By  W.  S.  B.  Woolhouse.    Crown  Svo,  cloth    .  1  /6 

INTEGRAL  CALCULUS. 

By  HoMERSHAM  Cox,  B.A.    Crown  Svo,  cloth   1/6 
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MATHEMATICAL  INSTRUMENTS, 

A  Treatise  on  ;  Their  Construction,  Adjustment,  Testing,  and  Use  concisely 
explained.  By  J.  F.  Heather,  M. A.,  of  the  Royal  Military  Academy, 
Woolwich.  Fifteenth  Edition,  Revised  with  Additions,  by  A.  T.  Walmis- 
LEY,  M.Inst.C.E.,  Fellow  of  the  Surveyors'  Institution.   Original  Edition  in 

One  Vol.,  Illustrated.    Crown  8vo,  cloth  2/0 

In  ordering  be  carefitl  to  say  "Original  Edition,"  to  distinguish  it  from  the 
Enlarged  Edition  in  Three  Vols,  (see  below). 

DRAWING  AND  MEASURING  INSTRUMENTS. 

Including— 1.  Instruments  employed  in  Geometrical  and  Mechanical  Draw- 
ing, and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and 
Plans.  II.  Instruments  used  tor  the  purposes  of  Accurate  Measurement, 
and  for  Arithmetical  Computations.  By  J.  F.  Hk.\ther,  M.A.  Cr.  8vo  1/6 

OPTICAL  INSTRUMENTS. 

Including  (more  especially)  Telescopes,  Microscopes,  and  Apparatus  for 
producing  copies  of  Maps  and  Plans  by  Photography.  By  J.  F.  Heathek, 
M.A.    IlkLStrated.    Crown  8vo,  cloth  1/6 

SURVEYING  AND  ASTRONOMICAL  INSTRUMENTS. 

Including — I.  Instruments  used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.    II.  Instruments  employed  in  Astronomical  Obser- 
vations.   By  J.  F.  Heather,  M.A.    Illustrated.    Crown  8vo,  cloth  .  1/6 
The  above  Three  Volmiies  form  an  Enlargement  of  the  Antlwr's  original  work 
"Mathematical  Instruments,"  price  2/0- 

MATHEMATICAL  INSTRUMENTS: 

Their  Construction,  Adjustment,  Testing  and  Use.  Comprising  Drawing, 
Measuring,  Optical,  Surveying,  and  Astronomical  Instruments.  By  J.  F. 
Heather,  M.A.    Enlarged  Edition,  for  the  most  part  re-written.  Three 

Parts  as  above.    Crown  8vo,  cloth  4/6 

"  All  exhaustive  treatise,  belonging  to  the  well  known  Weale's  Series.  Mr.  Heather's  experi- 
ence well  qualifies  him  for  the  task  he  has  so  ably  {\\\f\\\cr[."—Jini'-tncering-  and  J}ut7d:'n,i-  Tivics. 

STATICS  AND  DYNAMICS, 

The  Principles  and  Practice  of;  embracing  also  a  clear  development  of 
Hydrostatics,  Hydrodynamics,  and  Central  F'orces  By  T.  Baker,  C.E. 
Fourth  Edition.    Crown  8vo,  cloth   .  -1/6 
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EVERY  MAN'S  OWN  LAWYER. 

A  Handy-Book  of  the  Principles  of  Law  and  Equity,  With  a  Concise 
Dictionary  of  Legal  Terms.  By  A  Barrister.  Forty-third  Edition, 
carefully  Revised,  and  comprising  New  Acts  of  Parliament,  including  the 

Trades  Marks  Act,  1905;  Railway  Fires  Act,  1905;  Aliens  Act,  1905; 
Unemployed  Workmen's  Act,  1905 ;  Marriages  Act,  1905  ;  Prevention  0/ 
Cruelty  to  Children  Act,  1904  ;  Weights  and  Measures  Act,  1904  ;  Shop  Hours 
Act,  1904;  and  many  other  recent  Acts,  including  the  New  Law  relating  to 
the  Granting  of  Patents  for  Liventions,  which  came  into  operation  on  Jan.  i, 
1905.  Judicial  Decisions  pronounced  during  the  year  have  also  heen  duly 
noted.    Large  Crown  8vo,  838  pp.,  cloth.  [Just  Published.    Net  6/8 

*♦*  This  Standard  Work  of  Reference  forms  a  Complete  Epitome  of  the 
Laws  of  England,  comprising  {amongst  other  matter); 


THE  RIGHTS  AND  WRONGS  OF  INDIVIDUALS 


Landlord  and  Tenant 
Vendors  and  Purchasers 
Contracts  and  Agreements 
co.wevances  and  mortgages 
Joint-stock  Companies 
Partnership.  Shipping  Law 
Dealinc;s  with  money.  Suretiship 
Cheques,  Bills  and  Notes 
Bills  of  sale.  Bankruptcy 
Masters,  Servants  and  Workmen 
insurance:  life,  acciden]',  etc. 


Copyright,  patents.  Trade  Marks 

:    husband  and  WIFE,  DIVORCE 

i  infancy,  Custody  of  children 
Trustees  and  executors 
Taxes  and  Death  Duties 
Clhrgy.mhn,  Doctors,  and  Lawvi-rs 
Parliamentary  Elections 
Local  Government 
I  Libel  and  Slander 
\  Nuisances.   Criminal  Law 
(  Game  Laws,  Ga.ming,  Innkeepers 


Forms  of  wills,  agreements,  notices,  &c. 


The  object  0/  this  work  is  to  enable  those  -who  consult  it  to  heif  themselves  to  the 
taw  ;  and  thereby  to  dispense,  as  far  as  possible,  with  professional  assistance  and  advice.  There 
are  many  wrongs  and  grievances  which  persons  submit  to  from  time  to  time  through  not 
knowing  how  or  where  to  apply  for  redress ;  and  many  persons  have  as  great  a  dread  0/ a 
lawyer's  office  as  o/a  lion's  den.  IVith  this  book  at  hand  it  is  believed  that  many  a  SiX-AND. 
Eightpence  may  be  saved  ;  many  a  wrong  redressed  ;  tnany  a  right  reclaimed ;  many  a  law 
:uit  avoided;  and  many  an  evil  abated.  The  work  has  established  itself  as  the  standard  legal 
adviser  of  all  classes,  and  has  also  made  a  reputation  for  itself  as  a  useful  book  of  referencefor 
lawyers  residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  hand  a  work 
imbodying  recent  decisions  and  enactments. 


*»*  Opinions  of  the  Press. 

"The  amount  of  infonnation  g^ven  in  the  volume  is  simply  wonderful.  The  continued- 
popularity  of  the  work  shows  that  it  fulfils  a  useful  purpose."— iaw  JottrHal. 

"  As  a  book  of  reference  this  volume  is  without  a  mal."—Pall  Mall  Gazette. 

"No  Englishman  ought  to  be  without  this  hoQ\^."— Engineer. 

"Ought  to  be  in  every  business  establishment  and  in  all  Whimes."— Sheffield  Post. 

"  The  '  Concise  Dictionary '  adds  considerably  to  its  \ai\xe."— Westminster  Gazelle. 

"  It  Is  a  complete  code  of  English  Law  written  In  plain  language,  which  all  can  understand. 
,  .  .  Should  be  In  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers'  bUls."— 
IVeekly  Times. 

"A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care." — Law  Magazine. 
"  A  complete  digest  of  the  most  useful  facts  which  constitute  English  lavr."— Globe. 
"Admirably  done,  admirably  arranged,  and  admirably  cheap."— Leeds  Mercury. 
"  A  concise,  cheap,  and  complete  epitome  of  the  English  law.   So  plainly  written  that  he  wh  o 
runs  may  read,  and  he  who  reads  may  understand."— i^^^ar^. 

"A  dictionary  of  legal  facts  well  put  together.    The  book  is  a  very  useful  one."— Spectator. 


LABOUR  CONTRACTS. 

A  Popular  Handbook  on  the  Law  of  Contracts  or  Works  and  Services.  By 
David  Gibbons.  Fourth  Edition,  with  Appendix  of  Statutes  by  T.  F.  Uttlev, 
Solicitor.    Fcap,  8vo,  cloth  3/6^ 
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HANDBOOK  FOR  SOLICITORS  AND  ENQINEERS 

Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders  for 
the  Authorisation  of  Railways,  Tramways,  Gas  and  Water  Works,  &c. 
By  L.  L.  Macassey,  of  the  Middle  Temple,  Barrister-at-Law,  M.I.C.E. 
8vo,  cloth  J^l 

PATENTS  for  INVENTIONS,  HOW  to  PROCURE  THEM. 

Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By  G.  G.  M. 
Hardingham,  Assoc.  Mem.  Inst.  C.E,,  &c.    Demy  8vo,  cloth      .  .1/6 

CONCILIATION*  ARBITRATION  in  LABOUR  DISPUTES. 

A  Historical  Sketch  and  Brief  Statement  of  the  Present  Position  of  the 
Question  at  Home  and  Abroad.  By  J.  S.  Jeans.  Crown  8vo,  200  pp., 
cloth  2/6 

MODERN  JOURNALISM. 

A  Handbook  of  Instruction  and  Counsel  for  the  Young  Journalist.    By  John 
B.  Mackie,  Fellow  of  the  Institute  of  Journalists.    Crown  8vo,  cloth    .  2/0 
"  This  invaluable  guide  to  journalism  is  a  work  which  all  aspirants  to  a  journalistic  career  will 
read  with  advantage."— 

DICTIONARY  OF  PAINTERS, 

And  Handbook  for  Picture  Amateurs  ;  being  a  Guide  for  Visitors  to  Public 
and  Private  Pic  ture  Galleries,  and  for  Art  Students,  including  Glossary  of 
Terms,  &c.    By  Philippe  Daryl,  B.A.    Crown  8vo,  cloth       .       .  2/6 

"  Consiclering  its  small  compass,  really  admirable^  We  cordiallv  recommend  tlie  book  "— 
Huilder. 


DICTIONARY  OF  TERM5  USED  IN  ARCHITECTURE, 

Building,  Engineering,  Mining,  Metallurgy,  Archasology,  the  Fine  Arts,  &c. 
By  John  Weale.     Sixth   Edition.     Edited  by  Robt.  Hunt,  F.K.S., 

Numerous  Illustrations,  Crown  8vo,  cloth  5/O 

"The  best  small  teclinological  dictionary  in  the  \,mga^ge."— Architect. 

NATURAL  PHILOSOPHY, 

For  the  Use  of  Beginners.    By  C.  Tomlinson,  F.R.S.    Cr.  Svo.cloth  1/6 

HANDBOOK  OF  FIELD  FORTIFICATION. 

By  Major  W.  W.  Knollys,  F.R.G.S.    Crown  8vo,  cloth  .       .       .  3/0 
•'A  well-timed  and  able  contribution  to  our  military  literature  .  .  .  Tlie  author  supplies  in 
clear  business  style,  all  the  information  likely  ui  be  practically  useful."— C/:a7«fcw  of  Coi/iin'ercc 


COMPENDIOUS  CALCULATOR 

{Intuitive  Calculations) ;  or  Easy  and  Concise  Methods  01  performing  the 
various  Arithmetical  Operations  required  in  Commercial  and  Business 
Transactions;  together  with  Useful  Tables,  &c.  .By  Daniel  O'Gokman. 
Twenty-eighth  Edition,  revised  by  C.  Norris.    Crown  8vo,  cloth     .  2/6 
"It  would  be  difficult  to  exaggerate  the  usefulness  of  tliis  book  to  every  one  engaged  in 
coimnerce  or  manufacturing  industry.    It  is  crannncd  full  witli  rules  and  formute  for  shortening 
and  employnig  calculations  in  money,  weights  and  measures,  &c.,  of  every  sort  and  description  "— 
Ano'tu/ctfi^'-e.  * 


MEASURES,    WEIGHTS,    AND    MONEYS    OF  ALL 
NATIONS, 

And  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calendars. 
By  W.  S.  B.  WooLHOusE,  F.R.A.S.  Seventh  Edition.    Cr.  8vo,  cloth  2/6 

"A  work  necessary  for  every  mercantile  office."— Siiitdin,^'-  Trades  Journal. 
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SPANISH  GRAMMAR. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes. 
Crown  8vo,  cloth  .  1/6 

SPANISH-ENGLISH    AND   ENGUSH=SPANISH  DIC- 
TIONARY. 

Including  a  large  umber  of  Technical  Terms  used  in  Mining,  Engineering, 
&c.,  with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred 
Elwes.    Crown  8vo,  cloth  4/0 

PORTUGUESE  GRAMMAR. 

In  a  Simple  and  Practical  Form.  With  Exercises.  By  Alfred  Elwes. 
Crown  8vo,  cloth  1/6 

PORTUGUESE-ENGLISH      AND      ENGLISH=PORTU  = 

QUESE  DICTIONARY. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering, 
Ulc,  with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfred' 
Elwes.    Fourth  Edition,  revised.    Crown  8vo,  cloth  ....  5/0 

ANIMAL  PHYSICS, 

Handbook  of.  By  Dionysius  Lardner,  D.C.L.  With  520  Illustrations. 
In  One  Vol.  (732  pages).    Crown  8vo,  cloth  7/6 

MUSIC, 

A  Rudimentary  and  Practical  Treatise  on.   By  C.  C.  Spencer.   Crown  8vo. 

2/6 

"  Mr.  Spencer  has  marshalled  his  information  with  much  skill,  and  yet  with  a  simplicity  that 
must  recommend  his  works  to  all  who  wish  to  thoroughly  understand  music."— II 'ce^/y  Times. 

PIANOFORTE, 

The  Art  of  Playing  the.    With  Exercises  and  Lessons.    By  C.  C.  Spencer 

■   Crown  8vo,  cloth   1/6 

"A  sound  and  excellent  work,  written  with  spirit,  and  calculated  to  inspire  the  pupil  with  a 
desire  to  aim  at  high  accomplishment  in  the  art."— iV/ioo/  Board  Chronicle. 
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Acetylene  Gas,  Gibbs,  43 

Acoustics,  Smith,  35 

Aerial  Navigation,  Walker,  11 

 Tramways,  Tayler,  1 

Agricultural    Geology,  McCon- 
nell,  53 

 Note  Book,  McConnell,  55 

 Surveying,  Scott, 

 Surveyor,  Bright,  58 

 Valuing,  Bright,  58 

Air  Machinery,  Weisbach,  10,  23 
Algebra,  Haddon,  60 
Alkali  Trade,  Lomas,  43 
Alphabets,  Delamotte,  39,  40 
Alternating  Current  Machines, 

Sheldon  and  Mason  ,  2 
Angles,  Tees,   Plates,  Beams, 

&c.,  19 

Animal  Physics,  Lardner,  64 

 Physiology,  Lardner,  42 

Appraiser's  Assistant,  Wheeler, 
58 

Arches,  Piers,  &c.,  Bland,  32 
Architect's  Guide,  Rogers,  35 
Architectural   Modelling,  Rich- 
ardson, 35 
Architecture,  Ancient,  35 

 ■  Civil,  Chambers,  35 

 Design,  Garbett,  35 

 Grecian,  Aberdeen,  35 

 Mechanics  of,  Tarn,  35 

 Modern,  35 

 of  Vitruvius,  Givilt,  35 

 Orders,  Leeds,  35 

 Orders  and  Styles,  35 

 Styles,  Bury,  35 

Arithmetic,  Haddon,  59 

  Young,  60 

 Equational,  Hipsley,  60 

Armatuie  Windings,  Arnold,  29 
Artists'  Pigments,  Standa^e,  44 


Asbestos,  Jones,  27 
Astronomical  Glossary,  Gore,  41 
Astronomy,  Lardner,  42 

 Main  and  Lynn,  41 

Auctioneers,  Squibbs,  58 


Barn  Implements,  Scott,  54 
Beams,  Flexure  of,  Guy,  18 

 Properties  of,  19 

Bees,  Samson,  57 

Blast  Furnaces,  Stevenson,  11 

Blasting,  Burgoyne,  19 

Blowpipe,  Ross,  43 

Boiler  and  Factory  Chimneys, 

Wilson,  3 
Boilers,  Armstrong,  4 

 Bauer,  20 

 Courtney,  3,  4 

 Fo/^y,  2 

 Horner,  3 

 Hutton,  3,  4 

  Wilson,  3 

Book-keeping,  Haddon,  60 

 for  Farmers,  Woodman,  55 

Boot  and  Shoe  Making,  L^wo,  45 
Brass  Founding,  Graham,  47 
Bread  and  Biscuit  Baker,  W^«//s, 
47 

Breakfast  Dishes,  Allen,  48 
Brewing  and  Malting,  Wright, 
42 

Brick  and  Tile  Book,  33 

 Making,  Dobson,  32 

Brick-cutting,  Hammond,  32 
Bricklaying,  Hammond,  32 
Brickwork,  Walker,  32 
Bridges,  Iron,  Humber,  16 

 Iron,  Pendred,  17 

  Oblique,  Buck,  16 

 Tubulat,  Dempsey,  17 
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Bridges  and  Viaducts,  Campin, 
17 

British  Mining,  Hxmt,  25 
British  Standard  Sections  (Dia- 
grams, Definitions,  &c.),  19 
Builder's  Price  Book,  Lock-wood, 
31 

 Measuring,  Beaton,  34 

 ■  Quantities,  Beaton,  34 

Building,  a  Book  on,  Beckett,  32 

 Art  of,  Dobson,  32 

 Construction,  Alleti,  31 

 •  Cottage,  Allen,  32 

 Dwelling  Houses,  Brooks, 

32 

 Estates,  Maitland  32 

 Farm,  Scott,  32 

 Science  ot,  Tarn,  32 


Cabinet-Making,  Bitmead,  38 

 Working,  Hasluck,  49 

Calculator,  0' Gorman,  63 

 Chadivick,  51 

Calculator,  Weight,  Harhen,  51 
Calculus,  Differential,  Woolhouse. 

60 

 Integral,  Cox,  60 

Carpenter's  Guide,  Nicholson,  37 
Carpentry  and  Joinery,  Tredgold 

and  Tarn,  37 

 Tredgold,  37 

Cattle,  Sheep,  &c. ,  Burn,  52 
Cements,  &c.,  Standage,  48 
Chain  Cables,  Traill,  22 
Chemistry  of  Mining,  Byrom,  27 
Chimneys,  Wilson,  ^ 
Circular  Work,  Collings,  38 
Civil  Engineering,  Law,  18 
Clock  Jobbing,  Hasluck,  49 
Clocks,    Watches,  and  Bells, 

Beckett,  46 
Coach-Building,  Burgess,  48 
Coal  &  Iron  Industries,  Meade, 
27 

 Mining,  Cockin,  26 

 Smyth,  27 

Colliery  Manager,  Pamely,  26 

 Working,  Bulman  and  Red- 

mayne,  26 
Colouring,  Ft'^W  (S-  Davidson,  40 
Colours  &  Dye  Wares,  Slaier,  44 


Commerce,  Gambaro,  50 
Commercial  Correspondence, 

Baker,  50 
Compound  Interest,  Thoman,  59 
Concrete,  Sutcliffe,  33 
Confectioner,  Flour,  Wells,  48 
Confectionery,  Wells,  47,  48 
Constructional  Ironwork, 

Campin,  18 
Copper  Conductors,  &c.,  19 

 Metallurgy  of,  Eissler,  24 

Cottage  Building,  32 

 Gardening,  Hobday,  56 

Cotton  Manufacture,  Lister,  45 

Cranes,  Qlynn,  11 

Creation,  Records  of,  L«  Faj<;r, 

Curves,  Tables  of,  Beazeley,  15 
Cyanide  Process,  Eissler,  24 


Dairying,  British,  Sheldon,  53 
Dairy,  Pigs,  and  Poultry,  Burn, 
53 

Dangerous  Goods,  Phillips,  43 
Decoration,  Facey,  39 

 House-Painting,  Graining, 

&c. ,  40 

 Imitation  of  Woods  and 

Marbles,  39 

 Marble,  Blagrove,  40 

 For  other  works  see  pages 

39.  40 

Decorator's  Assistant,  40 
Deep  Level  Mines  of  the  Rand, 

Denny,  23 
Diamond  Drilling,  Denny,  24 
Dictionary     of  Architecture, 

Weak  and  Hunt,  63 
— —  Painters,  Daryl,  63 
Direct  Current  Machines,  Sheldon 

and  Mason,  29 
Discount  Guide,  Harben,  51 
Drainage  of  Lands,  Clark,  13 

 (Mine),  Michell,  25 

Draining  &  Embanking,  Scott, 
54 

Drawing  Instruments,  Heather, 
61 

 Rules  on,  Pyne,  34 

Dwelling  Houses,  Brooks,  32 
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Dynamic  Electricity,  Atkinson, 
31 

Dynamo  Construction,  Urqiihart, 
30 

 How  to  Make,  Crofts,  30 

 Management,  Pater  son,  29 

 Motor    and  Switchboard 

Circuits,  Bowker,  29 


Earthwork,  Graham,  16 
 Tables,  Broadbent  &•  Cam- 
pin,  16 

 Tables,  Buck,  16 

Earthy  Minerals,  Davies,  25 
Electrical  Calculations,  A  tkinson, 
30 

 Conductors,  Perrine,  29 

 Dictionary,  Sloane,  30 

 Engineering,  Alexander,  28 

 Sewell,  28 

  Machinery,  20 

 Pocket  Book,  Kempe,  30 

 Transmission,  Abbott,  28 

Electricity  Applied  to  Mining, 
Lupton,  Parr,     Perkin,  26,  29 

•  Lardner  and  Foster,  42 

 Text-Book,  Noad,  31 

Electric  Light  Fitting,  Urqiihart, 

 Light,  Knight,  30 

 Light,  Urqiihart,  30 

 Lighting,  Swinton,  30 

 Ship-Lighting,  Urquhart, 

 Telegraph,  Lardner,  42 

Electro-Metallurgy,  Watt,  46 

 Plating,  Urquhart,  46 

 Plating,  Watt  and  Philip,  46 

 Typing,  Urquhart,  46 

Embroiderer's  Design,  Delamotte, 
40 

Engine-Driving  Life,  Reynolds,  6 
Engineering  Chemistry,  Phillips, 
43 

 Drawing,  Maxton,  8 

 Estimates,  9 

■ — —  Progress,  Humber,  18 

 Standards'  Committee, 

19,  20 


Engineering  Tools,  Horner,  2 
Engineer's  Assistant,  Templeton, 

8 

 Companion,  Edivards,  8 

 Field  Book,  Haskoll,  14 

 Handbook,  Hutton,  4 

 Pocket-Book,  Clark,  7 

 Reference  Book,  Foley,  2 

 Turning,  Horner,  2 

 Year  Book,  Kempe,  7 

Engineman's  Companion,  Rey- 
nolds, 6 
Estate  Tables,  Inwood,  57 
Euclid,  Laiv,  59 
Every  Man's  Cwn  Lawyer,  62 
Excavating,  Prelini,  15 
Explosives,  Eissler,  43 
 Nitro,  Sanford,  43 


Factory   Accounts,    Garcke  6- 
Fells,  50 

Farm  Acct.  Book,  Woodman,  56 

 Buildings,  Scott,  32 

 Engineering,  Scott,  54 

 Management,  Burn,  54 

  Roads,  &c.,  Scott,  54 

Farmers'  Tables,  Francis,  55 
Farming  Economy,  Burn,  55 

 Outlines,  Burn,  54 

 Small,'  Burn,  53 

Fertilisers,  &c.,  Z>v^y,  53 
Field  Coils  (Electrical),  20 

 Fortification,  Knollys,  63 

 Implements,  Scott,  54 

Fields  of  Gt.  Britain,  Cleii.ents, 
53 

Fires  &  Fire  Engines,  Young,  11 
Flour,  Kick  and  Powles,  47 
Forestry,  Curtis,  37 
Foundations,  &c.,  Dobson,  19 
French  Polishing,  Bitmcad,  48 
Fruit  Trees,  Du  Breuil,  56 
Fuel,  Williams  and  Clark,  10 
Fuels,  Phillips,  10 


Garden,  Forcing,  Wood,  56 
 Receipts,  Quin,  56 
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Gardening,  Good,  Wood,  56 

 Ladies' ,  Wood,  56 

.  Multum-in-Parvo,  Wood,  56 

Gas  and  Oil  Engines,  BaU,  6 

•  Engines,  Goodeve,  6 

 Engines,  Mathot,  6 

 Engine  Handbook,  Roberts, 

6 

 Engineer's   Pocket  Book, 

O'Connor,  43 

 Fitting,  Black,  47 

 Producer  Plants,  Mathot,  6 

 Works,  Hughes,  18 

Gauge  Length,  Unwin,  19 
Geology,  Historical,  Tate,  28 

 Physical,  Tate,  28 

.  Tate,  28 

Geometry,  Tarn,  17 

 Analytical,  Hann,  60 

 Descriptive,  Heather,  60 

 Technical,  Sprague,  17 

 of  Compasses,  Byrne,  17 

 Plane,  Heather,  60 

Girders  (Iron),  Buck,  17 

Glass    Staining,    Gessert  and 

Fromberg,  41 
Gold  Assaying,  Phillips,  24 

 and  Silver,  Merritt,  24 

•  Metallurgy  of.  Eissler,  24 

 Prospecting,  Rankin,  23 

Goldsmith's  Handbook,  Gee,  46 

 and  Silversmith,  Gee,  46 

Grafting  and  Budding,  Baltet,  57 
Granites,  Harris,  27 
Grazier,  Complete,  Fream,  52 


Hall  Marking  Jewellery,  Gee,  46 
Handrailing,  Callings,  38 

 Goldthorp,  38 

Hay  &  Straw  Measurer,  Steele, 
55 

Health  Officer,  Willonghby,  36 
Heat  (Expansion  by),  Keily,  18 
Heat,  Lardner  and  Loewy,  41 
Heating  by  Hot  Water,  Jones, 
33 

Hints  to  Architects,  Wightwick 

and  Guillaume,  35 
Hoisting  Machinery,  Horner,  i 
Hoisting    &    Conveying  Ma- 
chinery, Zimmer,  i 


Horology,  Saunier,  45 
Horticulture,  Newsham,  56 
House  Decoration,  Facey,  39 

 Owner's  Estimator,  Simon, 

34 

 Painting,  Davidson,  39 

 Property,  Tarbuck,  34 

Hydraulic  Manual,  Jackson,  13 

 Engineering,  Marks,  13 

 Tables,  Neville,  13 

Hydrostatics,  Lardner,  41 


Illumination,  Delaniotte,  40 
India  Rubber, /oA«so7i,  44,  57 
Indian  Railway  Locomotives,  19 
Inflammable  Gas,  Clowes,  ■z'j 
Insulating     Materials  (Elec- 
trical), 20 
Inwood's  Estate  Tables,  57 
Iron       Trades  Companion, 
Downie,  50 

 and  Steel,  Hoare,  8 

 ,  Metallurgy  of,  Bauerman, 

25 

 Ores,  Kendall,  25 

 Plate     Weight  Tables, 

Burlinson  and  Simpson,  51 
Irrigation,  Mawson,  11 

 and  Water  Supply,  Scott, 

54 


Jeweller's  Assistant,  Gee,  46 
Joints  (Builders'),  Christy,  38 
Journalism,  Mackie,  63 


Key  to  Haddon's  Algebra,  60 

 to  Young's  Arithmetic,  60 

Kitchen  Gardening,  Glenny,  56 


Labour  Contracts,  Gibbons,  62 
— —  Disputes,  Jeans,  63 
Land  Improving,  Ewart,  58 

 Ready  Reckoner,  Arman, 

55 

 (Reclamation  of),  Beazeley, 
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Land,  Valuing  and  Improving, 
Hudson  and  Ewart,  59 

 Valuing,  Hudso?i,  59 

Landed  Estates,  Burn,  54 
Lathe  Work,  Hasluck,  9 
Laundry  Management,  48 
Lawyer,  Every  Man's  Own,  62 
Lead  (Argentiferous),  Eissler,  25 
Leather  Manufacture,  Watt,  45 
Letter  Painting,  Badenoch,  40 
Levelling,  Simms,  15 
Light,  Tarn,  35 
Light  Railways,  Calthrop,  11 
Lightning  Conductors,  //^fl'^^s,  33 
Limes,  Cements,  Burnell,  34 
Locks,  Tomlinson,  48 
Locomotive  Engine,  Stretton,  5 

 Engine,  Weatherburn,  5 

 Engine  Driving,  Reynolds,  5 

 Engineer,  Reynolds,  5 

 Engines,  Dempsey,  5 

Locomotives  for  Indian  Rail- 
ways, 19 
Logarithms,  Law,  59 


Machine    Shop    Tools,  Van 

Dervoort,  2 
Machinery,  Details,  Campin,  9 
Marble  Decoration,  Blagrove,  40 
Marine  Engineering,  Brewer,  21 

 Engineer,  Wannan,  21 

  Engineer's  Pocket  Book, 

Wannan,  21 
Marine  Engines  &  Boilers,  Bauer, 
Donldn  and  Robertson,  20 

 Engines,  Murray,  21 

Market  Gardening,  Shaiv,  56 
Masonry,  Purchase,  33 
.         and  Stone-Cutting,  Dob- 
son,  33 

  Dams,  Courtney,  13 

Masting  and  Rigging,  Kipping,22 
Materials,  Campin,  18 

 (Strength  of),  Barlow,  18 

 Handling  of,  Zimmer,  i 

Mathematical  Insts.,  Heather,  61 

 •  Heather  &•  Walmisley,  61 

 Tables,  Law  and  Young, 

23,  59 

Mathematics,  Campin,  59 
Measures,  Weights,  &c..  Wool- 
house,  63 


Measuring     Builders'  Work, 

Dobson  and  Tarn,  34 

 Timber,  &c.,  Horton,  34 

Meat  Production,  Ewart,  52 
Mechanical  Dentistry,  Hunter,  47 

 •  Engineering,  Campin,  9 

  Handling     of  Material, 

Zimmer,  1 
■ — —  Terms,  Lockwood,  8 
Mechanics,  Hughes,  9 

 Lardner  and  Loewy,  41 

 Tomlinson,  10 

 of  Air  Machinery,  Weisbach, 

10,  23 

 (Tables  for).  Smith,  8 

Mechanics'    Companion,  Tem- 
pleton  and  Hutton,  7 

 Workshop,  Hasluck,  49 

Mechanism,  Baker,  10 
Mensuration  &  Gauging,  Mant, 
42 

 and  Measuring,  Baker,  17 

Metal  Turning,  Hasluck,  49 
Metalliferous  Minerals,  Davies, 
25 

- —  Mining  Machinery,  Davies, 
23 

Metric  Tables,  Dowling,  50 
Metrology,  Jackson,  50 
Microscope,  Van  Heurck,  41 
Milk,  Cheese,  &c.,  Oliver,  53 
Millers'      Ready  Reckoner, 

Hutton,  55 
Milling  Machines,  Horner,  i 
Mine  Drainage,  Michell,  25 
Mines  of  the  Rand,  Denny,  23 
Mineral  Surveyor,  Lintern,  28 
Mineralogy,  Ramsay,  28 
Miners'  Handbook,  Milne,  25 

 Pocket  Book,  Power,  25 

Mining,  British,  Hunt,  25 

  Calculations,     O' Donahue, 

27 

 Chemistry  of,  Byrom,  27 

 Students,  Notes  for,  Meri- 

vale,  26 

 Tools,  Morgans,  27 

  and  Quarrying,  Collins,  27 

Model  Engineer,  Hasluck,  49 
MoUusca,  Woodward,  41 
Motor  Cars,  Tayler,  11,  48 
  Vehicles,  Tayler,  11 
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Museum  of  Science  and  Art, 

Lardner,  42 
Music,  Spencer,  64 


Natural  Pliilosophy,  Tomlinson, 
63 

 for  Schools,  Lardner, 

42 

Naval  Architect's  Pocket  Book, 
Mackrow,  21 

 Architecture,  Peake,  22 

Navigation,  Young,  23 

 Greenwood  and  Rosser,  22 

  Practical,  23 


Oil  Fields  of  Russia,  Thompson, 
23,  42 

Oils,  Analysis  of,  Wright,  42 
Optical  Instruments,  Heather,  Gi 
Optics,  Lardner  &  Harding,  42 
Organ  Building,  Dickson,  48 
Oriental    Manuals    and  Text- 
books, 51 

Packing  Case  Tables,  Richard- 
son, 38 

Painting,  Gullick  &  Timbs,  41 

Paper,  Parkinson,  44 

 •  Making,  Clapperion,  44 

 Watt,  44 

Pastrycook's  Guide,  Wells,  48 

Patents,  Hardingham,  63 

Pattern  'Msking.Hasluck,  49 

 ■         Horner,  8 

Perspective,  Ferguson,  34 

  Pyne,  34 

Pianoforte,  Spencer,  64 

Pioneer  Engineering,  Dobson,  15 

Pipe  Flanges,  ig 

  Threads,  20 

Plastering,  Kemp,  33 

Plating  &  Boilermaking,  Hor- 
ner, 3 

Plumbing,  Biichan,  33 

 •  Lawler,  33 

Pneumatics,  Tomlinson,  19 

Pocketbook,  Agriculturist's, 
Bright,  58 

 Ewart,  58 

 Francis,  55 

 Hudson,  59 


Pocketbook,  Agriculturist's, 
McConnell,  55 

 Auctioneer's,  Wheeler,  58 

 Builder's,  Beaton,  34 

 Electrical,  Kempe,  30 

 Engineer's,  Clark,  7> 

  Edwards,  8 

 Fletcher,  8 

  Hasluck,  9 

•  ■  Kempe,  7 

 Smith,  8 

 Templeton,  7 

 •  Engineman's,  Reynolds,  6 

 Gas  Engineer's,  O'Connor, 

43 

 Health  Officer's,  Willoughby, 

36 

 Marine  Engineer's,  Mack- 

roiv,  21 

 Wannan,  21 

 of      Mensuration  and 

Measuring,  Mant,  42 

 Miner's,  Milne,  25 

 ■  •  Power,  25 

 Mining  Prospector's, 

Anderson,  24 

 Merritt,  24 

 Rankin,  23 

 ■  of  Refrigeration,  Tayler,  10 

Pole  Plantations,  Bright,  58 
Portable  Engine,  Wansbrongh,  5 
Portland    Cement,  a^j^ 
Butler,  34 

 Specification,  20 

Portuguese  Dictionary,  Elwes,  64 

 Grammar,  Elwes,  64 

Potatoes,  Pj«A,  57 
Private  Bills,  Macassey,  63 
Producer-Gas  Plants,  Mathot,  6 
Prospector's  Handbook,  Ander- 
son, 24 

Pumps  and  Pumping,  10 


Quantities  (Builders'),  Bm^o«,  34 

Railway  Brakes,  Reynolds,  5 

  Rails,  Bull-headed,  19 

    Flat  Bottomed,  20 

  Working,  Stretton,  19 

Reclamation  of  Land,  Beazeley, 
II 
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Refrigerating  Machinery,  Tay- 
ler,  10 

Refrigeration,  Tayler,  10 

— —  (Pocket  Book),  Tayler,  10 

River  Bars,  Mann,  13 

Roads  and  Streets,  Law,  15 

Roof  Carpentry,  Collings,  38 

Roofs,  Construction  of,  Tarn,  18 

Rothamsted  Experiments, 

Tipper,  53 
Rubber  Hand  Stamps,  Sloane,  44 


Sailmaking,  Kipping,  22 

 Sadler,  22 

Sanitary  Work,  Slagg,  36 
Savouries  and  Sweets,  Allen,  48 
Saw  Mills,  Bale,  37 
Screw  Threads,  20 

 Hasluck,  9 

Sea  Terms,  Pirrie,  22 
Sewage,  Irrigation,  Burn,  55 

 Purification,  Barwise,  36 

Sewing  Machinery,  Urquhart,  48 
Sheep  (The),  Spooner,  52 
Sheet-Metal  Work,  Crane,  47 

 Work,  Warn  <&■  Horner,  47 

Shoring,  Blagrove,  32 

Ship  Building,  Sommerfeldt,  22 

 German,  F^/sAow5Az,  22 

Ships  and  Boats,  i?/aH<i,  22 
Silver,  Metallurgy  of,  Eissler,  24 
Silversmith's  Handbook,  Gee,  46 
Slate  Quarrying,  Davies,  27 
Slide  Rule,  Hoare,  59 
Smithy  and  Forge,  Cratie,  9 
Soap  Making,  W^a//,  45 
Soils,  Burn,  53 

Spanish  Dictionary,  Elives,  64 

-^^  Grammar,  Elwes,  64 

Specifications,  Bartholomew,  32 
- —  in  Detail,  Macey,  31 
Star  Groups,  Go?'^,  41 
Statics,  Graham,  17 

 and  Dynamics,  Baker,  61 

Stationary     Engine  Driving, 
Reynolds,  6 

 Steam  Engines,  Hurst,  6 

Steam  and  Machinery  Manage- 
ment, Bale,  6 
 and  Steam  Engine,  Clark,  10 


Steam  Boiler  Construction, 
Hutton,  3 

 Boilers,  Armstrong,  4 

 Wilson,  3 

 Engine,  Baker,  5 

 Goodeve,  4 

 Haeder  and  Poivles,  5 

•  Lardner,  5 

 Safe  Use  of,  6 

Steel  (Structural)  Specifications, 
20 

Stone     Working  Machinery, 
Bale,  II 

Strains  in  Girders,  Humber,  17 

 on  Ironwork,  Shields,  17 

Structural    Steel    for  Marine 
Boilers,  20 

 Shipbuilding,  20 

Submarine  Telegraphs,  Bright, 
30 

Superficial  Measurement, 

Hawkings,  38 
Survey  Practice,  Jackson,  14 
Surveying,  Baker  and  Dixon,  14 

 Frome  and  Warren,  15 

 Instruments,  Heather,  61 

 Land  &  Marine,  Hasholl,  14 

  Subterraneous,  Fenwick,  28 

  Usill,  14 

  Whitelaw,  14 

 with    Tacheometer,  Ken- 
nedy, 14 


Tanning,  Flemming,  45 
Tea  Machinery,  Tayler,  47 
Technical  Guide,  Beatoti,  34 
—  Terms,  Fletcher,  8 
Telegraph  Material,  20 
Temperature  Experiments  on 

Electrical  Machines,  20 
Temperature    Experiments  on 

Insulating  Materials,  20 
Timber  Importer,  Grandy,  38 

 Merchant,  Dowsing,  38 

 Richardson,  38 

Toothed  Gearing,  Horner,  9 
Tramway  Poles,  19 

 Rails  and  Fish  Plates,  19 

Tramways,  Clark,  16 
Transmission    by  Electricity, 

Atkinson,  29 
Traverse  Tables,  Lin'ern,  28 
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Tree  Planter,  Wood,,  57 

 Pruner,  Wood,  57 

Trigonometry,  Plane,  Hann,  60 

 Spherical,  Hann,  60 

Trolley  Groove  and  Wire,  20 
Trusses,  Griffiths,  18 
Tunnelling,  Prelini  and  Hill,  1 5 

 Simms  and  Clark,  15 

Tunnel  Shafts,  Buck,  16 
Turning,  Engineers',  Horner,  2 

 •  Lathe,  Hasluck,  9 

 Metal,  Hasluck,  49 

 Wood,  Hasluck,  49 


Ventilation  of  Buildings,  Buchan, 
36 

Villa  Architecture,  Wickes,  35 
Visible  Universe,  Gore,  41 
Vitruvius'  Architecture,  Givilt, 
35 

Wages  Table,  Garhutt,  51 


Watch  Jobbing,  Hasluck,  49 

 Maker,  Saunier,  45 

 Repairing,  Garrard,  45 

Watches,  History  of,  Kendal,  46 
Water  Purification,  Rideal,  36 

 Engineering,  S/a^j^",  12,  36 

 Power  of,  Glynn,  13 

 Supply,  Humher,  12,  36 

 ■  Greenwell   and  Curry, 

12,  36 

 Supply  of  Towns,  Burton, 

12,  36 

Waterworks,  Hughes,  13 
Weil-Sinking,  Swindell,  13 
Wireless  Telegraphy,  Sewall,  30 
Wood  Carving  for  Amateurs,  41 

 Engraving,  Brown,  48 

 Turning,  Hasluck,  49 

Woods  and  Marbles,  Imitation 

of.  Van  der  Burg,  39 
Woodworking,  Hasluck,  49 

 Machinery,  Bale,  37 

Workshop  Practice,  Winton,  9 
Works'  Manager,  Hutton,  3 
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WEALE'S  SCIENTIFIC  &  TECHNICAL  SERIES. 


MATHEMATICS,   ARITHMETIC,  &c. 

Geometry,  Descriptive.   J.  F.  Heather  .      .      .  2/- 

Practicai  Plane  Geometry.   J.  F.  Heathbb.       .   .  2/- 

Analytical  Geometry.    J.  Hann  &  J.  R.  YouNO .      .  2/- 

Geometry.    Part  I.  (Euclid,  Bks,  I.— III.)   H.  Law  1/6 
Part  II.    (Euclid,  Books  IV.,  V.,  VI.,  XL, 

XII.).    H.  Law   1/6 

Geometry,  in  i  vol.  (Euclid's  Elements)  .      ,      .    .  2/6 


Plane  Trigonometry.   J.  Hann       .      .      .  .1/6 

Spherical  Trigonometry.   J.  Hann    ,      .      .    .  i/- 
The  above  2  vols. ,  bound  together  .       .       .  .2/6 

Differential  Calculus.   W,  S.  B.  "Woolhouse       .    .  1/6 

Integral  Calculus.   H.  Cox   i/- 

Algebra.   J.  Haddon   2/- 

Key  to  ditto   1/6 

Book-keeping.   J.  Haddon   1/6 

Arithmetic.    J.  R.  Young   1/6 

Key  to  ditto   1/6 

Equational  Arithmetic.    W.  Hipsley   .      .       .    .  1/6 

Arithmetic.    J.  Haddon   1/6 

Key  to  ditto   1/6 

Mathematical  Instruments.    Heather  &  Walmisley  2/- 

Drawing  &  Measuring  Instruments.  J.  F.  Heather  1/6 
Optical  Instruments.  J.  F.  Heather  .  .  .1/6 
Surveying  &  Astronomical   Instruments.     J.  F. 

Heather   1/6 

The  above  3  vols.,  bound  together  ....  4/6 

Mensuration  and  Measuring.    T.  Baker    .       .    .  1/6 

Slide  Rule,  &  How  to  Use  it.    C.  Hoare      .      .  2/6 

Measures,  Weights,  &  Moneys.  W.  S.  B.  Woolhouse  2/6 

Logarithms,  Treatise  on,  with  Tables.    H.  Law  ,  3/- 

Compound  Interest  and  Annuities.    F.  Thoman    .  4/- 

Compendious  Calculator.    D.  O'Gorman       .      .  2/6 

Mathematics.    F.  Campin   3/- 

Astronomy.    R.  Main  &  W.  T.  Lynn  .       .      .      .  2/- 

Statics  and  Dynamics.    T.  Baker      .      .      .    ,  1/6 

Superficial  Measurement.   J.  Hawkings       .      .  3/6 


CROSBY  LOCKWOOD  &  SON,  7,  Stationers'  Hall  Court.  E.G. 


WEALE'S  SCIENTIFIC  &  TECHNICAL  SERIES. 

BUILDING  &  ARCHITECTURE. 

Building  Estates.    F.  Maitland       .      .       .      •  2/- 

Science  of  Building.    E.  W.  Tarn      .       .       .    .  3/6 

Building,  Art  of.    E.  Dobson  and  J.  P.  Allen  .      .  2/- 

Book  on  Building.    Sir  E.  Beckett     .       .       .    .  4/6 

Dwelling  Houses,  Erection  of.   S.  H.  Brooks       .  2/6 

Cottage  Building.    C.  B.  Allen   .       .       .      .    .  2/- 

Acoustics  of  Public  Buildings.    Prof.  T.  R.  Smith  .  i/6 

Practical  Bricklaying.    A.  Hammond   .       .       .    .  1/6 

Practical  Brick  Cutting  &  Setting.    A.Hammond.  1/6 

Brickwork.    F.  Walker   1/6 

Brick  and  Tile  Making.   E.  Dobson.      .      .      •  3/- 

Practical  Brick  &  Tile  Book.    Dobson  &  Hammond  6/- 

Garpentry  and  Joinery.   T.  Tredoold  &  E.  W.  Tarn  3/6 

Atlas  of  35  plates  to  the  above   6/- 

Handrailing,  and  Staircasing.    G.  Collings    .       .  2/6 

Circular  Work  in  Carpentry.    G.  CoLLiNoa       .    .  2/6 

Roof  Carpentry.    G.  Collings   2/- 

Construction  of  Roofs.   E.  W.  Tarn  .      .      .   .  1/6 

Joints  used  by  Builders.   J.  W.  Christy       .      .  3/- 

Shoring.    G.  H.  Blagrove   1/6 

Timber  Importer's  &  Builder's  Guide.  R.E.Qrandy  2/- 

Plumbing.    W.  P.  Buohan   3/6 

Ventilation  of  Buildings.    W.  P.  Buchan              .  3/6 

Practical  Plasterer.   W.  Kemp   2/- 

House-Painting.    E.  A.  Davidson      .       .       .       •  Sh 

Elementary  Decoration.   J.  W.  Facet  .      .      .    .  2/- 

Practical  House  Decoration.   J.  W.  Facet     .      .  2/6 

Gas-Fitting.   J.  Black   2/6 

Portland  Cement  for  Users.  H.  Faija  &  D.  B.  Butler  3/- 

Limes,  Cements,  &  Mortars.   G.  R.  Burnell  .    .  1/6 

Masonry  and  Stone  Cutting.    E.  Dobson       .      .  2/6 

Arches,  Piers,  and  Buttresses.    W.  Bland       .    .  1/6 

Quantities  and  Measurements.    A.  C.  Beatok       .  1/6 

Complete  Measurer.   R.  Houton       .      .      .    .  4I- 

Superficial  Measurement.   J.  Hawkings       .      .  3/6 

Light,  for  use  of  Architects.    E.  W.  Tarn      .    .  1/6 

Hintsto  Young  Architects.  Wightwick&  Guillaume  3/6 

Dictionary  of  Architectural  Terms.   J.  Wbale    .  5/- 
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WEALE'S  SCIENTIFIC  &  TECHNICAL  SERIES. 


BUILDING  &  ARCHITECTURE— conid. 
Architecture,  Orders.    W.  H.  Lek0s  . 
Architecture,  Styles,    T.  T.  Bury  . 

The  above  2  vols.,  bound  together 
Architecture,  Design.   E.  L.  Garbett 

The  above  3  vols.,  bound  together 
Architectural  Modelling.   T.  A.  Richardson  . 
Vitruvius"  Architecture.   J.  Gwilt 
Grecian  Architecture.    Lord  Aberdeen  . 

The  above  2  vols.,  bound  together  . 


1/6 
2/- 
3/6 
2/6 

ti- 
lls 

51- 
I/- 
6/- 


FINE  ARTS. 

Dictionary  of  Painters.    P.  Daryl      .       .       .    .  2/6 

Painting,  Fine  Art.    T.  J.  Gullick  &  J.  Timbs  .       .  5/- 

Grammar  of  Colouring.   G.  Field  &  E.  A.  Davidson  3/- 

Perspective.    G.  Pyne   2/- 

Glass  Staining  &  Painting  on  Glass  .      .      .    .  2/6 

Music.    0.  C.  Spencer   2/6 

Pianoforte  Instruction.    C.  0.  Spencer  .    .  1/6 

INDUSTRIAL  &   USEFUL  ARTS. 

Cements,  Pastes,  Glues,  &  Gums.  H.  C.  Stanhaok 
Clocks,  Watches,  and  Bells.  Lr 
Goldsmith's  Handbook.  G.  E. 
Silversmith's  Handbook.  G.  E. 
Goldsmith's  &  Silversmith's  Hz 
Hall-Marking  of  Jewellery.  G. 
Cabinet-Maker's  Guide.  R.  Bii 
Practical  Organ  Building.  W. 
Coach  Building.  J.  W.  BuRGESf 
Brass  Founder's  Manual.  W.  ( 
French  Polishing  and  Enamelii 
House  Decoration.  J.  W,  Face 
Letter-Painting  Made  Easy.  J. 
Boot  and  Shoemaking.  J.  B.  I 
Mechanical  Dentistry.  C.  Hunt 
Wood  Engraving.  W.  N.  Brovv^i 
Laundry  Management 
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